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PREFACE. 



It is self-evident that such an abstract and philosophical 
presentation of biological data, as would be suitable for 
advanced students, is quite out of place in a manual in- 
tended for young pupils, untrained in observation, un- 
skilled in accurate description and easily discouraged by 
being left, at the outset of their studies, too much to their 
own devices. 

The aim of the work may be expressed in the word 
training: training the student to observe, to record his 
observations in verbal descriptions and drawings, to com- 
pare the forms studied, and, as far as possible, to in- 
terpret structure in terms of function. We have tried 
to give the beginner enough assistance to enable him to 
work without constant help from the instructor: such 
^ help being an evident impossibility in large classes. This 
\ aid has, however, been reduced to a minimum, leaving the 
^ pupil something to discover for himself. Since the aim 
-^ of laboratory work is often defeated by the student ob- 
taining data from his text which he should learn by 
f observation, the laboratory manual and the text-book 
\3 should be kept separate. 

\ The * note and question ' method of presenting the 

subject has the advantage of giving the student the new 
terms just as they are needed, while the notes and the 
student's answers to the given questions together make 
a fairly complete description of the form studied. 

The interest of the young student lies perhaps more 
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iv PREFACE. 

in animal and plant activities than in the static study of 
form; hence, as far as possible, emphasis is laid on the 
ecological and physiological side rather than on mor- 
phology. 

It is generally recognized that the arthropods, and 
especially the insects, form a good point of attack for 
the study of zoology. We have given several studies 
of insects in order that a selection may be made accord- 
ing to the time of year in which zoology is studied and 
the relative availability of material. Similar principles 
have guided us in the work on leaves and flowers and 
elsewhere. The order of topics,' in consequence, differs 
considerably from a strictly logical arrangement based 
on development. The frog is studied last in order that 
human physiology, which is taken in connection with 
zoology, may not lack an anatomical basis. 

It is not expected, if indeed it were desirable, that all 
the forms given be actually taken up in any one term: 
many factors will determine just what selection is to be 
made. 

Such classes as we conduct contain each about thirty- 
five students whose average age is fourteen: no one can 
estimate the difficulty of our task who has not attempted 
work under similar conditions. Nothing is more repellent 
to a beginner than to struggle through a manual bristling 
with technicalities: anything should be avoided which 
tends to distract attention from a careful study of the 
specimen. 

Our prime duty as teachers is to be intelligible, and if 
we can make ourselves understood through giving up 
somewhat of purely formal accuracy, we should make 
the sacrifice without a shudder. The practised thinker 
looks through the word to the underlying thought. Be- 
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ginners in the rational life identify the word with the 
thing, so that to alter the phraseology sent out from the 
university is a dire offense, if not indeed blasphemy. We 
have, wherever necessary, deliberately sacrificed technical 
terms on the altar of pedagogic utility. 

' The terminology, the types chosen for study, the order 

in which the types are presented, the method of ques- 
tioning, etc., all are to be judged from the utilitarian 

i standpoint. The book is not ideal — neither are the con- 

ditions for which it is planned. The work here outlined 
is to be extended by recitations from good text-books, by 

I reference readings, by demonstrations (gross and micro- 

scopic) of related forms, by visits to botanical and zoo- 

! logical gardens and the aquarium, and especially by ex- 

f cursions into the country. The comparisons given in the 

text and the outlines for field and aquarium work have 
been found serviceable. 

J For constructive criticism, grateful acknowledgments 

are due to Dr. Francis E. Lloyd of the Teachers College, 
Drs. H. R. Linville and Cyrus A. King of the De Witt 
Clinton High School, Miss Marie L. Minor, Miss A. P. 
Hazen and Miss Elsie Kupfer, of the Wadleigh High 
School, and Dr. W. A. Murrill of the Bronx Botanical 
Gardens. 

Dr. Lloyd graciously permitted us to insert, as Ex- 
periment 20, an unpublished experiment of his own. 
The idea of the * Pocket Garden ' originated with Dr. C. 
A. King of the De Witt Clinton High School. 

Detailed directions for collecting and preserving ma- 
terial have been intentionally omitted since they may be 
better gathered from special books on the subject. 

G. W. Hunter. 
M. C. Valentine. 
New York, January I, xgo& 
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DIRECTIONS FOR LABORATORY WORK. 

1. Use a well-sharpened hard pencil for all laboratory 

work. 

2. Write on only one side of the paper. 

3. Leave a margin of at least one inch at the left side 

of each page. 

4. Carefully observe the rules of correct English as to 

the construction of sentences. In general, avoid 
the use of * it/ * they/ etc. 

5. Do not copy ' Directions ' : merely follow them. 

Copy the ' Notes ' word for word and answer 
the * Questions ' in such a way that both notes 
and answers taken together may make a con- 
tinuous description. 

6. Never answer a question by the words ' Yes ' or 

' No.' Embody the question in your answer and 
make each answer a complete sentence. 

7. Give reasons for your conclusions whenever you 

can do so. 

8. The written work and the drawings should be kept 

separate. 



2 DIRECTIONS FOR LABORATORY WORK. 

9. Make your drawings to the scale indicated in the 
laboratory directions: thus (Xi) means 'natural 
size/ 

10.' In drawing, do not sketch or shade, but make firm, 
continuous strokes. Let each line mean some- 
thing. 

11. Label carefully every important part of your draw- 

ing. • 

12. Neatness, legibility and accuracy go far toward 

making your laboratory work acceptable. 



THE MICROSCOPE, % 

THE MICROSCOPE. 

I. Note. — The Microscope, an instrument for making small 
objects appear larger, comprises two parts: the Stand 
and the Lenses. 

i. Note. — The stand consists of the following parts: Base, Pil- 
lar, Stage, Arm, Tube, Diaphragm, Mirror, Revolv- 
ing Nose-piece, the Coarse and the Fine Adjustment. 

o. Of what material is the stand made? 

b. What are the advantages of using such material? 

3. Note. — The stand rests upon a broad Base or Foot. 

a. What is the shape of the base? 

h. Why should the base be broad and heavy? 

4. Note, — The jointed, vertical Pillar gives attachment to the 

Arm, supporting the main Tube of the instrument. 

a. What are the advantages of having the pillar 
jointed? 

5. iV"o/^. --- Extending forward from the pillar below the arm is 

the Stage, on which is placed the object to be examined. 

a. Describe the location of the perforation in the stage. 
h. What is its use? 

c. What is the use of the revolving wheel, or 

Diaphragm, pivoted to the stage? 

6. Note. — Below the stage is a movable bar carrying the 

Mirrors or reflectors. 

a. In how many different directions can you move 

the mirrors? 

b. What is the advantage of having them movable? 

c. What kind of surface do the mirrors respectively 

show? 

d. What is the use of the mirrors? 



THE MICROSCOPE. 




A - Base 
B - Pillar 
C — Arm 
D - Tube 
E — Nose.piece 
F — Objective 
G — Ocular 
H - Drawtube 



J and K = Coarse adjustment 
L « Fine adjustment 
M = Stage 

N = Spring clips (removable) 
O «» Mirror 
P «■ Mirror bar 
S (upper) » Iris diaphragm 
S (lower) — Lever for regulating 
Iris diaphragm 
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7. Note. — A hollow cylinder containing two lenses fits into the 

upper end of the tube. It is called the Eye Piece or 
Ocular. 

a. Why is the name 'eye piece' applied? 

8. Note.—Sm2\\ brass mounts, each containing several lenses, 

are attached to the tube at its lower end; they are the 
Object Lenses or Objectives. 

a. Why is the name * objective ' given to these lenses? 
&. How many objectives are there in your microscope? 

9. Note.—Th^ Low Power (a slightly magnifying objective) 

has a short and broad mount. The High Power ob- 
jective has a long and narrow mount. 
a. What fractional numbers do you find on the mount 
of the high and the low power objectives, respec- 
tively? 

ID. Note, — The objectives are attached to a revolving device, 
the Nose Piece. 

a. What are the advantages of a revolving nose piece ? 

11. Note, — To obtain a clear image of the object under exami- 

nation, we must be able to vary the distance between the 
lenses and the object; that is, to focus the instrument. 
The microscope is brought into focus by slightly turning 
either of the large wheels placed at the top of the arm 
near the tube. 

a. Why are these wheels called the Coarse Adjust- 

ment? (Turn one of them gently!) 

b. What movement results? 

12. Note, — The milled head of the Fine Adjustment is found 

at the top of the pillar. 

a. Carefully turn the fine adjustment back and forth. 
(No more than half a turn in either direction!) 
Why is this adjustment called 'fine'? 
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THE MICROSCOPE. 7 

PRELIMINARY PRACTICE WITH THE 
MICROSCOPE. 

Materials. — Slides, cover glasses, free hand sections 
of potato tuber stained with iodin solution, com- 
pound microscope. 

Directions for Mounting Sections and Adjusting 
Microscopes: 

1. Place the given section on a slide in a drop of water. 

2. Clean a cover glass and lower it gently over the 

object. (Avoid air bubbles!) 

3. Put the slide on the stage with the object over the 

stage perforation. 

4. Tilt the mirror so that the object may be well lighted. 

5. By aid of the coarse adjustment bring the low power 

near to the object. 

6. With your eye at the ocular, raise the tube from the 

stage till the image appears rather clearly. 

7. Make the image entirely clear by a slight turn of 

the fine adjustment to one side or the other. 

Direction. — Study the Cellulose (paper) walls 
enclosing spaces in which lie the deeply stained 
starch grains. 

1. What color does cellulose show under the microscope? 

2. What color is shown by starch grains treated with 

iodin ? 

3. While your eye is at the tube, gently move the slide 

away from you. How does the object appear to 
move? 

4. In the same way, move the slide to the right and 

describe the apparent movement of the object. 
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5. a. Does the right side of the image correspond to 

the right side of the object? 
6. Does the upper part of the image correspond to 

the upper part of the object? 
c. Does a slight movement of the object produce a 

slight movement of the image ? 

6. Explain as well as you can what you have observed 

in (3), (4) and (5). 



PART I 

BOTANICAL STUDIES 



PRELIMINARY STUDY OF AN 
ENTIRE FLOWERING PLANT. 

Materials. — Entire plants of Bursa Bursa-pastoris (or 
Lepidium Virginicum) : one specimen for every two 
students. 

Note. — The lower part of the plant, with particles of soil 
still clinging to it, is the Root. The root serves to take 
in water from the soil and to hold the plant firm. 

a. Describe the color and shape of the root. 

b. What advantage is gained by a plant in having roots 

which spread widely? 

Note, — The rodlike upper part of the plant is called the Stem. 
The stem contains tubes through which liquids may pass 
from roots to leaves or from leaves to roots. 

a. Compare the stem with the root in point of size. 

b. Does the stem branch? Describe the color of the 

stem. 

A^ote, — The rather broad and thin bodies attached along 
the sides of the stem are the Leaves. The leaves give 
off water to the surrounding air; they breathe, take in 
food gases, and, in sunlight, make starch for the whole 
plant. 

a. About how many leaves do you find in the speci- 

men? 

b. Describe the arrangement of the leaves on the stem. 

c. Describe the shape, size and color of a leaf. 

d. Do the leaves all have the same color, size and 

shape? 
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e. What advantage do the leaves gain in being raised 
on a stem? 

4. Note, — The little white bodies, which apparently consist of 

several tiny scales, are the Flowers. It is the work of 
the flowers to give rise to new plants. 

a. Where are the flowers situated? 

b. About how many flowers does your specimen bear? 

c. Do all the flowers appear to be of the same age? 

How can you tell? 

5. Note. — The green bodies, somewhat triangular in outline, at- 

tached to the stem, are the Fruits. Each fruit represents 
a certain part of a flower, ripened and highly developed. 

a. Describe how a fruit is attached to the. stem. 

b. Compare the flowers with the fruits as to arrange- 

ment on the stem. 

c. Describe accurately the shape and size of a single 

fruit. 

6. Note. — Within the covering of a fruit lie Seeds. Each ripe 

seed contains a tiny young plant and a store of food 
which the young plant may use till it can form food for 
itself. 

a. Can you find out how the seeds escape from the 

ripe fruit? 

b. Describe the size and general appearance of a seed. 

7. a. How many fruits are there in your specimen? 

b. About how many seeds do you find in a single ripe 

fruit? 

c. How may you explain the fact that the plant you 

are studying is so common? 

Drawings. — I. General view of entire plant ( X J4 ) . 
n. A single leaf (X 2). 
HI. A single fruit (X 5). 



SEEDS AND SEEDLINGS. 

BEAN. 

Materials. — Kidney beans soaked over night in water. 
A few pods for demonstration. lodin solution. 

1. a. Describe the outline of the bean as seen from the 

broad side. 
b. Describe the outline as seen from the narrow end. 

2. a. Describe the color. Is the color uniform? 

3. Note. — The light-colored scar or Hilum marks the place 

where the bean was attached to the pod. 

a. Describe the location of the hilum more exactly. 

4. Note. — The tiny hole near the hilum is the Micropyle.* 

a. Describe more exactly the location of the micro- 
pyle with reference to the hilum. 

Drawings, — I. View of the broad side (X2). 

II. View of the concave edge (X 2). 

5. Note. — The coat of the seed is called the Testa. 

Direction. — Carefully remove the seed coat, taking 
especial care in the region of the hilum. t 

a. Can you find another seed coat under the test^? 

b. Describe the thickness and consistency of each 

seed coat. 

c. What do you think the purpose of the seed coats 

to be? 

* The little knob on the side of the hilum opposite to the micro- 
pyle is the Strophiole. 

t Note where the tip of the hypocotyl lies with reference to the 
micropyle (see Question 8a.) 

13 



14 BOTANICAL STUDIES. 

6. Note. — All the structures inside the seed coats are called 

collectively the Kernel. 

a. Is the kernel attached to the seed coats at any 
point ? 

7. Note, — The large halves of the kernel are called the Cotyle- 

dons or seed-leaves. 

a. Describe a cotyledon in length, breadth, thickness 

and consistency. 
&. Are the cotyledons exactly the same in shape and 
size? 

8. Note, — Projecting beyond the cotyledons is a small rodlike 

body, the Hypocotyl, from the free end of which is 
developed the root. 

^ How does the hypocotyl point with reference to 
the micropyle? 

b. Describe the hypocotyl in size and shape. 

Direction, — Remove carefully one cotyledon. 

9. Note, — The delicate body lying between the cotyledons is the 

Plumule. 

a. How many leaves do you see in the plumule? 
fe. How are the leaves arranged with reference to 
each other? 

c. Describe the plumule in size, shape and color. 

10. Note, — The entire kernel of the bean is the young plant or 

Embryo. 

a. Of what parts does the embryo consist? (Review 

7, 8 and 9.) 
Demonstration, — The action of lodin solution on 

starch. 

11. What color does starch give when treated with iodin 

solution? 
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Direction, — Answer the three following questions 
from half beans (cut through the hypocotyl), 
stained in iodin: 

12. a. What color appears in the cotyledon? 

b. What substance is present? 

c. Is this substance present in the hypocotyl also? 

Demonstration, — Thin sections of bean cotyledon 
stained with iodin and passed round the class 
in the demonstration microscope. 

13. In what form is the food stored in the cotyledon? 

14. a. What is the probable use of the cotyledons to the 

plant? 
b. Why are the cotyledons so large? 

15. Explain why beans are used by man as food. 

Drawings. — III. View of half the kernel showing 
the plumule, hypocotyl and coty- 
ledon (X 2). 
IV. View of a section across the whole 
bean through the hypocotyl 
(X2). 
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GRAIN OF CORN. 

Materials, — Cobs of Zea Mays ; separate grains soaked 
at least forty-eight hours; sections of grains cut 
perpendicularly to the flat side and moistened with 
weak iodin solution; cross-sections through the em- 
bryo, stained with iodin. 

1. Note, — The so-called 'seed' of corn is really a one seeded 

fruit ; i. e., the ripe seed enclosed in the seed vessel. 

a. How are the single fruits arranged on the fruit- 
stalk or cob? 
6. What can you say of the number of single fruits? 
c. What is the general outline of the fruit cluster? 

2. What is the outline of a single grain as seen from the 

the broad side? 

3. Compare the end which was attached to the cob with 

the free end in size, shape and color. 

4. Describe any differences you may note between the 

two broad surfaces. 

5. Note, — The light-colored area on one side marks tho position 

of the embryo or young plant. The rest of the grain, 
the Endosperm, consists of food material. 

a. Describe the outline of the embryo as seen from 
the broad surface of the grain. 

6. Note. — Near the free end of the grain just beyond the embryo, 

a little mark, the Silk Scar, shows where the style and 
stigma were attached. 
Direction, — In a longitudinal section stained with 
iodin solution, study the cut surface. 

7. How much space is given to the embryo and the endo- 

sperm respectively? 

8. What food substance is found in the endosperm? 

9. Note.—Tht single cotyledon in the corn embryo is used as an 

organ for absorbing the endosperm. 
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Ow How large is the cotyledon in comparison with the 
rest of the embryo ? 

la Note. — ^The hypocotyl points toward the sharp end of the 
grain; the plumule, toward the free end. 

Ow Compare the hypocotyl and the plumule of the 
embryo in shape. 
II, a. What is the shape of the embryo in cross-section? 
b. Where does the embryo lie with reference to the 
surface of the grain ? 

Drawings. — I. Entire grain showing the position of 
the embryo ( X 4) . 
II. Edge view of the entire grain ( X 4) • 

III. Cut surface ot the longitudinal sec- 

tion (X4)- 

IV. Cut surface of the cross-section 

through the embryo (X4). 

TABULAR COMPARISONS BETWEEN CORN, 
BEAN AND PINE SEEDLINGS. 

1. How many cotyledons are there? 

2. Do the cotyledons contain stored food? 

3. Do the cotyledons act as leaves ? 

4. What use do the cotyledons serve ? 

5. What is the comparative size of the plumule? 

6. Is the hypocotyl arched at any stage? Why? 

7. What part of the embryo first appears above ground? 

8. How does the embryo break through the soil? 
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GERMINATING SEED. 

Materials. — Specimens of pea, bean, -squash and corn 
in several stages of germination. 

In the Youngest Specimen. 

1. Note, — The changes undergone by the seed from the begin- 

ning of growth until the young plant is able to take care 
of itself are called Germination. 

a. What change do you notice in the seed coats? 

b. What has produced this effect? 

2. a. What part of the embryo first appears outside of 

the seed coats? 
b* What reason can you give for this? 

In a More Advanced Specimen. 

3. a. What part of the embryo gives rise to the root of 

the plant? 
b. Describe the root in an advanced specimen. 

4. Study the various specimens and describe what changes 

take place in the plumule. 

5. a. From a comparison of the different stages, deter- 

mine whether the cotyledons increase in size. 
b. Can you determine the use of the cotyledons to the 
developing plant? 

6. Do the foliage leaves appear above or below the coty- 

ledons ? 

7. Review briefly your work and tell what becomes of 

each of the following parts: seed coats, cotyle- 
dons, hypocotyl and plumule. 

Drawings. — Make drawings from the side (X2) 
of at least three seedlings in different stages of 
germination. 

Demonstration. — Pine seedlings in various stages of 
germination. 
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CASTOR BEAN. 
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Materials. — ^Entire seeds, longitudinal sections, isolated 
embryos. 

1. Compare the seed coats in Castor bean and Kidney 

bean as to thickness and firmness. 

2. a. Compare the size of the embryo with the size of the 

entire Castor bean. 
6. Where is the food for the embryo stored, and what 
kind of food is it? 

3. Compare the embryos of Kidney bean and Castor bean 

as to the number of parts present, and the rela- 
tive size of the parts. 

Drawings. — I. View of the entire seed (Xs). 

II. The isolated embryo (X3). 

III. Longitudinal section of the kernel 

(X3). 

Preparation Note. — Remove the testa from Castor beans, and 
soak the kernels in water till they become soft. Then leave 
them over night in strong solution of caustic potash. Next day 
wash them repeatedly in water. Now press a kernel by the nar- 
row edges between the thumb and forefinger, and the embryo 
may readily be isolated. 



ROOTS. 

BEAN. 

Materials. — ^Kidney bean seedlings, with roots about 
four inches long. 

1. Note. — ^A Primary root is the direct continuation of the stem. 

Branches of the primary root are Rootlets or Second- 
ary roots. 

o. Describe the general direction taken by the primary 
root and the rootlets, respectively. 

b. What mechanical advantage does a plant gain 
through having the roots directed as just de- 
scribed? 

2. o. Do the rootlets have any definite arrangement on 

the primary roots? 
&• Compare them with the branches of a stem as to 

their arrangement. 
€• Compare several rootlets as to shape and account 

for the variations. 
Drawing. — ^Whole mass of roots from the side (Xi). 

Preparation Note on Root Hairs. — Cut disks of blue blotting 
paper to fit into Sjrracuse watch glasses. Wet a disk with water 
and place it in a watch glass. Now spread five or six mustard 
or radish seeds (previously soaked in water) on the wet disk, 
and cover them with a second wet disk. In from two to five 
days the specimens will be ready to use. 
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ROOT HAIRS. 

Materials. — Seedlings of Sinapis alba grown on damp 
sponge; longitudinal section of root tip; demonstra- 
tion microscope; entire roots mounted in water for 
the microscope. 

1. Note, — In the living plant, tiny absorbing organs called Root 

Hairs form a fringe on the rootlets. 

a. Describe the root hairs in size, shape, position and 

approximate number. 

b. On which part of the root are they best developed ? 

c. On which part most abundant? 

d. Is there any part of the root where there are no 

root hairs? 
Direction. — Study prepared specimens under the com- 
pound microscope. 

2. a. Describe a single root hair in general appearance. 

b. What can you say of the thickness of its wall ? 

c. Is it made up of more than one cell or compart- 

ment? 

d. Describe the connection of a root hair with the 

rootlet. 

Each student should kave a watch glass preparation (see page 
20) ; or» better still* a pocket garden (see page 233). 
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TAPROOT. 

(Modified through serving as a food storage organ.) 

Materials, — Whole parsnips or carrots; roots cut 

longitudinally and transversely; roots placed over 

night in eosin or methylen blue solution and then 

cut transversely into small pieces; iodin solution. 

In the Entire Specimen. 

1. What IS the general shape of a taproot? 

2. a. Are there any rootlets? 

b. Compare the rootlets with the main root in point of 
size. 

In the Cross and the Longitudinal Sections. 

3. From what part of the root do the rootlets spring? 

4. Note. — The outer part of the root is called the Cortex; the 

inner part is the Central Cylinder. 

A What is the relative thickness of cortex and of cen- 
tral cylinder? 

b. Compare the cortex and the central cylinder in con- 
sistency. 

5. Study sections stained in iodin. 

0. What kind of food does the parsnip or carrot con- 
taui? 

b. Where is the stored food located? 

c. When and how is this food of use to the plant? 

6. a. Through what part of the root does water pass up 

to the stem? 
b. What relation does the stained area bear to the 

cortex? 
r. How are the conducting tubes distributed? 
Dramngs. — I. Whole root seen from the side (Xi)* 

11. Cross-section (Xi). 
Label. — Conducting tubes, cortex, central cylinder. 
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INDIAN CORN. 

Materials. — Dry roots of Zea Mays. 

1. Is there a primary root? 

2. Note. — Roots which are made up of many thread-like fibers 

are said to be Fibrous. 

3. Do you find rootlets? 

4. Are there any roots which come out from other parts 

of the stem (Adventitious roots) ? 

a. What is the probable use of such roots to the corn 

plant ? 

b. Describe their arrangement on the stem. 

Drawing. — Whole mass of roots (X/4). 



ENGLISH IVY. 

Materials. — Fresh specimens of Hedera Helix stems 
showing the aerial roots. Spiderwort may be used. 

1. Describe the position of the roots with reference to 

the leaves. 

2. What purpose do such roots serve in the plant? 

3. How may plants like your specimen be forced to pro- 

duce roots on the stem? 

4. Compare them in length with the other roots studied. 

Why this difference ? 

Drawing. — Small piece of ivy stem showing roots 
(XI). 
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BOTANICAL STUDIES. 



MINUTE STRUCTURE OF THE ROOT. 

Materials. — Prepared longitudinal sections of the em- 
bryo of Zea Mays, showing the root tip; compound 
microscopes. 

1. Describe the general arrangement of the cells making 

up the root. 

2. Note, — A favorable specimen will show the central cylinder 

as a core of cells, enveloped by a cellular mass, the 
cortex. 

a. Compare the cortex and central cylinder in width. 

b. Describe the outer layer of the root, the Epider- 

mis, with reference to the size and arrangement 
of its cells. 

3. a. What is the outline of the Growing Point? 

b. Compare as to size the cells of the growing point 

with those in older parts of the plant. 

4. Note. — The growing point is protected by a mass of cells 

called the Root Cap. 

c. What is the outline of the. root cap? 

5. Note, — ^The root cap is continuous below with a mass of cells 

called the Root Sheath. During germination, the 
growing root pushes through the sheath which persists 
as a collar around the base of the root. 

Drawing. — A general view of the root tip. 
Label. — Central cylinder, cortex, root cap, epidermis, 
root sheath. 

Demonstrations. — I. Root cap of Lemna sp. 

II. Cross-section of parsnip to show 
food storage. 
JII. Cross-section of oak to show 
ducts. 



STEMS AND BUDS. 

HORSE-CHESTNUT TWIG. 

Materials. ^- Short twigs of Aesculus Hippocastanum 
showing buds; blackboard diagrams illustrating op- 
posite and alternate leaf arrangement. 

1. Describe the general character of the bark with refer* 

ence to color, surface and consistency? 

2. What do you find on the free end of the twig ? 

3. flote. — The shield-shaped Scars on the stem mark the place 

where the Leaf Stalks were formerly attached. The 
raised dots in each scar are the broken ends of bundles 
of vessels which carried liquids to or fro between the 
stem and the leaf* 

fi. How are these dots or Leaf Traces arranged? 

b. Were the leaves alternate or opposite in arrange- 

ment? 

c. Are the pairs of leaf-scars placed one directly above 

another ? 

4. ^ote. — The Flower-scar or Fruit-scar is a rough, hollow 

area without raised dots, lying generally in a fork be- 
tweAi two branches. 

a. How many flower-scars do you find? 

5. N^ote. — The part of the twig which bears the leaf-scars is 

called a Node; the length of twig between any two 
adjacent nodes is called an Internode. 

o. Are all the internodes of the same length? 
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b. How would you explain any variation in the length 
of the internodes? 

6. Note, — The very small, rough spots scattered about on the 

bark are the Lenticels or breathing pores of the twig. 

(k How many lenticels are there in a single internode? 

7. Note. — The narrow rings on the twig are the scars left by 

scales of terminal buds in previous seasons. They are 
called Bud-scars. 

a. How much space would represent a year's growth? 

b. How many years' growth has taken place in the 

twig you are studying? 

c. Does the distance between the rings vary? (Give 

three measurements.) 

8. a. What structures do you find just above a leaf-scar? 
b. How do you account for the varying size of 'these 

structures? 

9. Look at the bud-scar nearest to the terminal bud. 

Describe any differences you find in the bark on 
either side of this ring and give a reason for such 
differences. 

Drawings, — I. General view of the twig (X i)- 
II. Leaf-scar (X S). 

Label. — Terminal buds, lateral buds, leaf-scars, flower- 
Scars, bud-scars, lenticels. 
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BEECH TWIG. 

Materials, — Young twigs of Fagus Americana show- 
ing the buds. 

1. a. Describe the general appearance of the bark. 

b. Is the bark everywhere the same? Describe any 
variations. 

2. Compare the bark in the horse-chestnut and beech. 

3. a. Compare the leaf-scars in the two twigs as to shape, 

size and color. 

b. Are the leaves opposite or alternate in arrangement ? 

c. Compare the flower-scars in the two twigs. 

4. a. About how many lenticels are there in a single 

intemode ? 
6. Compare with the horse-chestnut in this respect. 

5. a. Do you find bud-scars? 

&. How old is the twig you are studying? 

6. a. Compare with the horse-chestnut as to the way in 

which the branches arise. 

b. Are the lateral branches as long in the beech as in 

the horse-chestnut? 

c. Would this difference have an effect on the appear- 

ance of the entire tree? 

7. Describe any other differences between the beech and 

horse-chestnut. 

Drawings. — I. General view of twig (X i). 
II. Single leaf-scar (X 10). 



28 BOTANICAL STUDIES. 

ROOTSTOCK OR RHIZOME. 

Materials. — ^Entire rhizomes of Polygonatum sp., show- 
ing the terminal bud. 

1. a. Describe the general shape of the rootstock. 

b. How may you distinguish the nodes, or places where 
the branches were attached ? 

2. Name the roots according to their position, and give 

a reason for your answer. 

3. Look at the scars (* Solomon's seals ') showing where 

the aerial branches were attached. How are the 
broken ends of the bundles arranged ? 

4. a. Describe the terminal bud in shape and structure. 
b. Describe the shape of the bud scars ? 

5. What IS the nature of a rootstock? Give several 

reasons for your answer. 

Drawings. — I. Entire specimen from above (Xi). 
11. Entire specimen from the side (Xi). 

Label. — ^Nodes, internodes, terminal bud, lateral bud^ 
bud scars, stem scars, roots. 
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TUBER. 

Materials* — Clean entire tubers of S. tuberosum; a few 
sprouting potatoes; specimens with the lower end 
cut ofi^ left in eosin solution over night 

1. Describe the shape, size and color of your specimen. 

2. Note, — ^The depressed spots are the ' eyes.' On the lower edge 

of each eye is a tiny scale above which are several buds. 

a. What is the nature of the scale, to judge from its 
position and its relation to the buds? 

3. Are the buds arranged in any definite way ? 

4. 0. Through what channels does the eosin rise in the 

tuber ? 
t. What would you call the region in which liquids 
rise? 

5. Compare the relative thickness of pith, wood and bark 

in the tuber and the horse-chestnut stem. 

6. State fully your reasons for considering the tuber a 

modified stem. 

Drawing. — Entire specimen from the side (Xi). 

Label. — ^Terminal bud, lateral buds, scale-leaves, at- 
tached end. 
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BOTANICAL STUDIES. 



BULB. 



Materials, — ^Bulbs of Hyacinth sp. or of Allium sp. ; 
longitudinal sections and cross-sections. 

J. a. Find the stem in the longitudinal section and de- 
scribe its shape and size. 
6. What relation do the scales bear to the stem ? 
c. Look for buds at the bases of the scales in the longi- 
tudinal section, and describe their structure. 

2. From the relation of the scales to the stem and to the 
buds, determine the nature of the scales. Give 
full reasons for your result. 

3* Where are the roots in the bulb? Describe any you 
may find. 

4. a. What changes take place in a bulb kept moist for 

a time, as in a Hyacinth glass? 
6. Where does the sprouting bulb get the food needed 
in growth? 

5. What is the difference between a bud and a bulb? 

Drawings. — L Cross-section of bulb (X2). 
IL Longitudinal section (Xi)« 

Labels. — Stem, scales, buds, roots. 



STEM OF 'SMILAX: 



STEM OF 'SMILAX.' 
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Materials. — Masses of Asparagus sp. (Florists' ' Smi- 
lax')» in flower. 

1, Describe the position, arrangement, and structure, of 

the broad, leaflike bodies or Cladophylls. 

2. Note the tiny scales, placed one underneath each clado- 

phyll. 
^ Describe the point from which the flowers spring, with 
reference to the cladophylls and the scales. 

4. Note. — ^The form and function of an organ may change greatly, 
but its position is, in general, invariable. Hence we 
determine the nature of organs by their relative posi- 
tion. 

Ck What are the relative positions of stem, cladophyll, 
and scale? 

b. What part of a plant would have flowers growing 

on it? 

c. What is the nature of the cladophylls and of the 

scales ? 

Drawings, — ^A part of the plant (X2). 
Label — Stem, cladophyll, scale, flower. 
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DICOTYLEDONOUS STEM. 

{Cross-section of Horse-chestnut Twig,) 

Materials. — Small pieces of horse-chestnut wood cut 
smoothly. 

1. II. Describe the color, consistency and general appear- 

ance of the central Pith. 

2. Note. — Outside of the Pith is the Wood, containing Ducts 

or tubes which run up and down the stem. 

a. Describe the Wood as to color and consistency. 

3. Note. — The radiating lines seen in the wood are the Medul- 

lary Rays. 

o. Describe the medullary rays more fully. 
6. What do you think their function to be? 

4. a. Describe the outer layer or Bark as seen in cross- 

section. 

b. Is there more than one layer visible? 

c. Which is tougher, Bark or Wood? 

5. How much space is occupied by bark, wood and pith, 

respectively ? 

Drawing. — Cross-section ( X 4) • 

Label. — Bark, wood, pith, medullary rays. 
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MONOCOTYLEDONOUS STEM. 

{Cross-section of Corn-stalk,) 

Materials. — Small pieces of corn-stalk, one inch in 
length, preserved in 4 per cent formol. 

r. Note, — The outer layer is called the Rind. 

a. Which part is the harder, the rind or the pith in- 
side it? 

2. Note, — In the section of corn-stalk, the ducts or Fibro-vas- 

CULAR Bundles appear as dots lying in the soft pith. 

a. Describe the fib ro- vascular bundles in number and 

position. 
6, Are they regularly placed with reference to each 

other ? 

c. Where are they most numerous? 

d. Compare the position of the ducts in the corn-stalk 

and th** horse-chestnut stem. 

3. Do you find any medullary rays in the com? 

Drawing. — Cross-section of corn-stalk (X^)» 
Label, — Pith, rind, bundles. 

COMPARISONS BETWEEN DICOTYLEDONOUS 
AND MONOCOTYLEDONOUS STEMS. 

I. Compare the beech or horse-chestnut with the com or 
bamboo in the following respects: 

a. Position of pith. 

b. Position of ducts. 

c. Presence of medullary rayt, 

d. Presence of bark. 

e. Difference between old and young stetnk 



34 



BOTANICAL STUDIES. 



MINUTE STRUCTURE OF A DICOTYLEDON- 
OUS STEM. 

Materials. — Cross-sections of a stem stained with 
Alum Haematoxylin or with Zinc chlor-iodide. Clem- 
atis sp., Begonia sp., or Arctium sp., may be used. 

1. Note. — ^The mass of cells filling the center of the section is 

the pith. 

o. Describe the cells of the pith as to shape and rela- 
tive size. 

2. Note. — ^The rather large, thick-walled spaces, occurring in 

little groups, are the Fibro- Vascular Bundles. 

a. What proof is there that the bundles are not all of 
the same age? 

3. Note. — The extensions of pith between the bundles are the 

Medullary Rays. 

a. How near to the surface do the rays appear to ex- 
tend? 

4. Note. — ^That part of a bundle which is made up largely of 

ducts is the Xylem. 

(L Where is the xylem placed with reference to the 
center of the section? 

5. Note. — ^Just outside of the Xylem is a narrow layer of small 

cells closely packed together. This is the Cambium, 
a layer to which the growth of the bundles is due. 

o. Does the cambium appear to extend across the med- 
ullary rays? 
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Note. — Outside of the Cambium is the Phloem part of a 
bundle. In many stems, the inner part of the phloem 
consists largely of sieve tubes (Soft Bast), while the 
outer part is made up of Bast Fibres (Hard Bast). 

a. Compare the size of the tubes or fibres and the thick- 
ness of their walls, in the hard and the soft bast. 

Note. — ^The single layer of cells covering the stem is the 
Epidfrmis. The layers between the epidermis and the 
bundles make up the Cortex. 

a. Compare the cells of the epidermis with those of the 

pith as to shape, size and thickness of wall. 

b. What can you say of the shape and arrangement of 

the cells in the cortex? 

Drawing.^^A wedge-shaped part of the stem, extend- 
ing from center to circumference, and including 
one fibro-vascular bundle. 

Zade/.r^TPith, cortex, fibro-vascular bundle, xylem, 
phloem, cambium, medullary ray, epidermis. 
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MINUTE STRUCTURE OF A MONOCOTYLE- 
DONOUS STEM. 

Materials. — Cross-sections of com stalk stained with 
Zinc chlor-iodide or with Alum Haematoxylin. 

1. o. How are the fibro- vascular bundles arranged? 

b. Compare the monocotyledonous stem with a dicoty- 

ledonous stem as to the position of the bundles. 

2. Describe the pith between the bundles, noting the size 

and shape of the cells. 

3. Describe the relative size and the thickness of wall in 

the cells of the epidermis. 

4. Of what is the tough outer layer or Rind, made up? 

5. What are the relative positions of xylem and phloem 

in the fibro- vascular bundles of a monocot ? 

6. Compare the bundles in corn with those of a dicot as 

to the following points : 

0. Arrangement of the bundles. 

&. Relative position of xylem and phloem with refer- 
ence to the center of the section. 

c. Presence of cambium. 

Drawing, — A wedge-shaped part showing three or 
four bundles. 

Label — Rind, epidermis, bundles, pith, xylem, phloem. 
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BUD OF THE TULIP-TREE. 

Materials, — ^Twigs of Liriodendron Tulipifera, bearing 
growing buds in various stages of development 

1. Describe the shape and structure of an unopened bud 

(Hold it to the light!). 

2. Note, — ^In many leaves there are three parts; a broad Blade, 

a narrow stalk or Petiole, and two outgrowths called 
Stipules situated at the base of the petiole. 

a. How many of these parts does a young leaf in your 
specimen possess? 

6. Compare a young leaf with an old one as to the num- 
ber of parts present. 

3. a. Describe the scales that formerly acted as a covering 

for a bud. 
6. What IS the nature of the scales, to judge from their 

position ? 
c. What finally becomes of the scales ? 
4« In a bud just opening, describe the peculiar way in 

which the young leaf is folded. 
5. Trace briefly the history of a leaf from the opening 
of the bud until the leaf is fully expanded. 

Drawings. — ^I. An unexpanded bud, one scale removed 

(X2). 

II. An opening bud, leaf half expanded 

(X2). 
HI. A leaf fully expanded, showing all its 
parts (XI). 
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HORSE-CHESTNUT BUD. 

Materials. — ^Twigs of the horse-chestnut showing the 
terminal bud; a few opened buds. 

1. Note. — ^A bud at. the end of a branch is called Terminal; the 

buds along the sides of the branch are Lateral. If a 
lateral bud lies in the angle or Axil of a leaf it is 
called Axillary. 

a. Describe the terminal bud in shape, size, color, con- 

sistency and character of surface. 

b. What substance do you find covering the bud? 

c. What is the use of this substance ? 

2. a. What does the terminal bud give rise to when it 

develops ? 
6. How do you know this? 

3. a. What do the lateral buds give rise to when they 

develop and how do you know? 

b. Do all of the lateral buds develop? 

4. Note. — The bud is simply a shortened stem covered with over- 

lapping scales, which are modified leaves. 

Direction. — Study the opened buds. 
a. What parts have grown out of the bud ? 
6. What is the probable use of the cottony material on 
these parts ? 

c. What becomes of the bud scales? 

d. In what condition do you find the young leaves? 

Drawings: — I. Entire bud (X4y» 
II. Opened bud (Xi). 



LEAVES. 

MOUNTAIN LAUREL OR ELM. 

Materials. — ^Leaves of Kalmia latifolia or Ulmus 
Americana. 

1. Note. — ^The thin, flat portion of the leaf is called the Blade, 

the stalk is the Petiole, the continuation of the petiole 
in the blade is the Midrib, and the branches of the mid- 
rib are the Veins. 

a. Identify these parts in your specimen. 

2. Note. — ^A leaf in which there is one midrib with lateral veins 

extending to the leaf margins, is said to be Pinnately 
(feather) Veined. 

a. Is the laurel leaf pinnately veined? 

3. a. What is the purpose of the midrib and the veins ? 

b. On which surface is the midrib more prominent? 

Can you tell why? 

4. a. Does water wet the surface of the leaf? 

6. What is the purpose of this property of leaves? 

Drawing. — ^Entire leaf, upper surface (Xi)« 
Label. — Petiole, blade, midrib, veins. 
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GERANIUM.* 
Materials. — ^Leaves of Pelargonium zonale. 

1. a. What can you say of the shape of the leaf? 
6. Is there a petiole? 

c. Do you find stipules ? 

2. Into how many divisions is the leaf cut? 

3. Note. — A leaf in which the main veins spread out like a fan is 

said to be Palmate;ly Veined. 

a. Describe the venation in your specimen. 

4. a. Is the leaf smooth or hairy ? 

b. Do the two surfaces of the leaf appear to differ in 

the number of hairs ? 

5. Smell the leaf. What is its odor? 

6. Determine the taste of the leaf. Is its flavor of advan- 

tage to the leaf in any way? 

7. Tell in what way this leaf seems to be adapted to its 

functions. 

Drawing. — ^Upper surface (Xi). 

THISTLE OR HOLLY. 

Materials. — Fresh leaves of either Carduus spi or Hex 
opaca. 

1. Describe the venation of the leaf? 

2. Determine the relation between the veins and the spines 

on the margin. 

3. What is its consistency? Is this of any advantage to 

the leaf? 

4. a. Mention all the ways in which the leaf is modified 

for Its protection. 
&. Against what dangers is it protected? 
Drawing. — Whole leaf (Xi). 

♦ In place of Pelargonium leaves, those of Galax aphylla may be 
employed. In the latter case, omit the questions from 4 onward. 



MULLEIN. 



MULLEIN. 
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Materials, — Mullein leaves of various sizes (Verbas- 
cum Thapsus). 

1. What IS the general outline 'of the leaf? 

2. What kind of Venation (arrangement of th^ veins) 

do you find? 

3. Note. — ^A leaf possessing the petiole is said to be Stalked; a 

leaf lacking the petiole is Sessile. 

a. Is the mullein leaf stalked or sessile? 

4. (k What is the color of the leaf ? 

b. To what peculiarity of structure is this color due? 

(Scrape a small area of the leaf.) 

5. a. To what dangers are leaves exposed? 

b. What is the use to the leaf of its woolly covering? 

Drawing. — ^Entire leaf (Xi). 

Demonstration. — ^A bit of leaf prepared to show the 
branched hairs. 
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PITCHER PLANT. 



Materials. — Plants of Sarracenia purpurea in pots. 

1. What can you say of the general shape of the leaf? 

2. Could you make a flat leaf out of the pitcher? How? 

3. a. Is the leaf smooth or hairy? 

b. Describe the surface of the interior of the pitcher? 

4. a. Of what use would the cup-like part of the leaf be 

to the plant? 

b. Of what use would the hairs be ? 

c. What do you find in the pitcher? 

d. Explain how insects might be attracted to the plant 

and become imprisoned. 

e. What is the possible use of the dead insects to the 

plant ? 

Drawing, — A leaf from the side (X i). 
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PEA. 

Materials. — Fresh leaves of any species of pea. 

T. Would you describe the leaf as simple or as com- 
pound? Give full reason for your answer. 

a. How many leaflets do you find? 

b. How are they arranged on the midrib? Are they 

opposite or alternate? 

c. What kind of venation would there have been had 

the leaf been simple? 

2. Note. — A Tendril is an organ of the plant adapted for 

climbing. 

a. Describe the tendrils of the pea in form and loca- 

tion. 

b. By what means does the tendril hold fast? 

c. To what part of a typical leaf does the tendril cor- 

respond ? 

3. a. How has the leaf of the pea become adapted to its 

mode of life? 
b. Of what use would such a leaf be to the plant? 

Drawing. — An entire leaf (X /^). 

Label. — Petiole, leaflets, veins, tendrils* 
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ROSE OR CLOVER. 

Materials. — Entire leaves of any species of Rosa or 
Trifolium. 

1. Is there a petiole present? 

2. Is there anything attached to the base of the petiole? 

3. Note, — At the base of the petiole are often found small leaf- 

like bodies called Stipules. In most kinds of leaves 
the stipules soon fall off. 

a. Are stipules present in your specimen ? 

b. Do all the leaves bear stipules ? 

c. Describe the stipules in size and shape. 

4. Note. — A leaf having a blade consisting of one piece is 

Simple; a leaf in which the blade consists of several 
distinct pieces (Leaflets) is said to be Compound. 

a. Is the rose leaf simple or compound ? 

5. Note, — If its leaflets are arranged along either side of the 

stalk, a leaf is Pinnately compound; if its leaflets 
radiate from the tip of the stalk, a leaf is Palmately 
compound. 

a. How are the leaflets arranged in this leaf? 

6. a. How many leaflets are there ? 

b. Is the number the same in every leaf? 

c. Are the leaflets in each leaf of the same shape and 

size? 

Drawing, — A leaf, upper surface (Xl)« 
Label — Petiole, stipules, leaflets. 
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TRADESCANTIA. 

Materials. — Leaves of Tradescantia sp., or Zebrina sp. 

1. o. Describe the relative position of the veins, and the 

direction they take through the blade. 

b. Are the principal veins branched, or in any way con- 

nected with each other ? 

c. Compare the venation of the present specimen with 

that of the leaves previously studied. 

2. a. Describe the attachment of the leaf to the stem. 

6. Give reasons for calling the leaf either stalked or 
sessile. 

3. a. Compare the upper with the lower surface of the 

leaf as to color. 
6. Explain the differences in color by reference to leaf 
structure. (See the demonstration.) 

Drawing. — ^The upper surface, showing the venation 

• (X2). 

Demonstration. — I. The color of a solid cake of green 
soap. 
II. The color of the lather made from 
green soap. 
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PINE. 

Materials. — Small twigs of Pinus sp., bearing leaves; 
lenses. 

I. Note. — The leaves or Needles of pines occur in clusters, 
surrounded at the base by a Sheath formed by the 
union of several bud scales. 

O. How many leaves are there in a cluster? 

b. What can you say of the length of the leaves as 

compared with their breadth? 

c. What is their consistency? 

2. a. Describe the margin. (Draw a needle through your 

fingers or use a hand lens.) 
b. Describe the shape of a cross-section of the 
leaf, 

3. a. Does a single pine needle expose as much surface 

to air and sunlight as does the laurel leaf? 
6. How does the pine tree make up for the snfall size 
of a single leaf? 

4. a. Is there any danger of the pine leaves shading each 

other? 
b. What relation exists between the shape and size of 
leaves on the one hand and their number on the 
other? 

5. Note,^- Since the leaves of pines have no regular period of 

falling, the trees are always clothed with foliage, and 
hence are called ' evergreens.* 

a. Do trees in our climate generally keep their leaves 

through the winter? 
&. To what dangers might the leaves of a tree be 

exposed in the winter time? 
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Mention all the ways in which a pine needle is adapted 
to its severe conditions in life (in shape, size, 
consistency and taste). 

Drawings, — I. A cluster of needles (X i). 

II. Cross-section of the leaves in a single 
cluster (XS)- 
Label. — Sheath and leaves. 



STOMATA. 

{Exercise with the Microscope^) 

Materials. — Compound microscopes ; slides showing 
epidermis stripped from a stonecrop and mounted 
in dilute glycerine. 

1. What is the general form of the openings or Stomata 

as seen from above? 

2. What can you say of the number of stomata? 

3. Note. — The two large bodies on either side of a stoma are 

called Guard Cells. By changes in the shape of these 
cells the opening* is made larger or smaller. 

a. How many guard cells do you see? 

b. Describe the shape of the guard cells about an open 

stoma. 

c. Describe any guard cells that show a different ap- 

pearance from that described in b, 

4. Describe the outline of the epidermal cells. 

Drawing, — A single stoma showing the guard cells 
and the adjacent epidermal celU. 
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MINUTE STRUCTURE OF THE LEAF. 

. Materials. — ^Leaf sections of Hydrangea sp., Lilium sp., 
or Rhododendron sp. 

1. Note. — ^The upper surface is covered by a layer of cells, the 

Upper Epidermis. 

Ow Note the relative size and thickness of wall in the 

cells of the upper epidermis. 
b. Compare the lower epidermis with the upper, noting 

any points of difference. 

2. Note. — ^The pulp of the leaf, lying between the two epidermal 

layers, is the Mesophyll. The upper part of the 
mesophyll, in most leaves, is the Palisade Layer; the 
lower part is the Spongy Layer. 

a, Compare the two regions of the mesophyll, as to 

shape, relative size, and arrangement of the 
cells. 

b. What is the function of the air spaces in the meso- 

phyll? 

3. Note. — ^The lower epidermis is perforated by a number of 

openings, the Stomata, through which gases may enter 
or leave the mesophyll. 

a. Describe the guard cells, lying on either side of a 

stoma, as seen in cross-section. 

b. Compare the upper with the lower epidermis as to 

the number of stomata. 

4. Note. — On the outside of the epidermis many leaves show a 

structureless layer known as a Cuticle. 

a. Look for the cuticle in your specimen. If two are 
visible, compare the upper with the lower as to 
thickness. 

fc. What function would the cuticle seem to have? 
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Describe the structure of a vein in the mesophyll, and 
note whether it has been cut transversely or 
longitudinally. 

Drawing, — A part of the section (drawing two inches 
long). 

Label — Upper epidermis, lower epidermis, cuticle, 
mesophyll, palisade layer, spongy layer, air 
spaces, stomata, guard cells, vein. 
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ARRANGEMENT OF LEAVES ON THE STEM. 

Materials, — Moderately large branches of a Maple. 
(This study may profitably be made during an ex- 
cursion.) 

1. Do the leaves show an opposite or an alternate ar- 

rangement ? 

2. Hold the branch so that the light falls on the upper 

surface of the leaves. 

a. Count how many leaves get full sunlight. 

b. Count how many are shaded by their neighbors. 

3. a. Note all the adaptations by which the branch brings 

as many leaves as possible into the light. Are all 
the petioles of equal length? Do the largest leaf- 
blades occur near the free end of the branch or 
far from it? 
6. Does the arrangement found in the branch hold 
good throughout the tree? 

Drawing. — The branch from above, showing the ar- 
rangement of the leaves (X H)- 



FLOWERS. 

WAKE-ROBIN. 

/ (Spring.) 

Materials, — ^Efttire plants of Trillium grandiflorum in 
flower. 

1. o. Describe the rootstock of the plant in size and form. 
&. Describe the position of the roots. 

c. Is the rootstock adapted for food storage? 

d. Explain why the wake-robin is able to bloom so 

early. 

2. a. Describe the way in which the leaves are grouped. 

b. Are they stalked or sessile? 

c. Where are the leaves placed with reference to the 

flower? 

3. Note. — The flower stalk is called the Peduncle ; its broad 

end, bearing the parts of the flower, is called the 
Receptacle. • 

a. Describe the receptacle in size and position. 

4. Note. — The outer circle or whorl of parts in the flower is 

called the Calyx^ each part being called a Sepal. 

a. How many sepals do you find ? 

b. Describe a single sepal in shape and color? 

c. Are they separate or united? 

5. Note. — The whorl of parts just inside the calyx is called the 

Corolla, each piece being called a Petal. 

a. How many petals are there?. 

b. Describe one as to shape and color. 

c. Are the petals separate or united? 

51 
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d Note. — ^Within the two outer whorls (collectively called the 
Perianth) are found the Essential or Reproductive 
Organs of the flower; the Stamens and the Pistil. 
(The latter is in the center of the flower.) 

a. How many stamens do you find? 

7. Note. — ^Each stamen consists of a stalk or Filament and a 

terminal structure, the pollen case or Anther. 

a. Describe the form of the parts in a stamen. 

b. Describe Pollen (dust from the anther) as seen 

with the naked eye. 

8. Note. — The pistil consists of a broad base, the Ovary, con- 

taining the unripe seeds, and a stalk or Style. The 
moist, free end of the style is called the Stigma. 

a. How many stigmas do you find? 

b. Do the divisions of. the pistil agree with the other 

floral parts in number? 

9. Are the parts of the flower opposite to or alternate 

with each other? (Look at the flower from 
above.) 

10. Note. — When the ovary lies above the line of attachment 

of the other floral parts to the receptacle, the ovary is 
said to be Superior; when below, it is Inferior. 

a. Is the ovary superior or inferior? 

11. Note. — A flower is Complete when it has sepals, petals, 

stamens and pistil. 

a. Is the flower of the wake-robin complete or incom- 
plete? 

12. Note. — A flower is Regular when the parts of each whorl 

are alike in size and shape (e. g., all petals alike). 

a. Is the flower of the wake-robin regular or ir- 
regular? 
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13. Note. -^ A flower is Symmetrical when it has the same 
number of parts, or a multiple of that number, in every 
whorl. 

a. Is the wake-robin symmetrical or asymmetrical? 
Drawings. — I. The whole plant (X >^). 

11. Diagram of the flower from the side 

(X2). 

III. Floral diagram from above (X2). 
Label. — Peduncle, sepal, petal, stamen, pistil. 
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BUTTERCUP. 

(Autumn.) 

Materials. — Flowering plants of Ranunculus acris. 
(With slight modification the questions would serve 
for Oxalis sp., or Sedum sp.). Lenses. 

1. a. Do the flowers occur singly or in clusters? 

b. Are the flowers terminal (at the end of the stem) 

or lateral (on the side) ? 

c. Are the flowers drooping (hanging down) or erect 

(upright) ? 

2. Describe the flower stalk or Peduncle in length, color 

and surface character. 

3. Note. — The outer whorl or circle of leaf like parts (Sepals) 

is called the Calyx. 

a. How many sepals are there? 
fe. Are they separate or united ? 
c. Describe a sepal in size, shape and color. 

4. Note, — The whorl of parts just inside the calyx is the 

Corolla, each part being a Petal. 

a. How many petals do' you find? 
fc. Are they separate or united ? 

c. Describe a petal in shape, size, color and surface 
character. 

5. Note, — Near their base the petals bear little scales (Nec- 

taries) which secrete a sweet liquid (Nectar). 

a. How many nectaries are there on a single petal ? 

b. Are the nectaries on the inner or the outer side of 

the petals? 

c. What is the use of nectar to a flower? 
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6. Note. — ^The parts enclosed by the corolla are called the 
Essential organs because they give rise directly to the 
seeds. The essential organs are the Stamens and the 
Carpels (the latter in the center of the flower). 

fl. What can you say of the number of stamens? 

7. Note, — ^A typical stamen consists of a terminal pollen case 
or Anther supported on a stalk called the Fila- 
ment. 

cu Do the stamens in your specimen possess a fila- 
ment? 
&. Describe the color, form and mode of attachment 
of the anther. 

8. Describe the color and general appearance of Pollen, 

the material shed by the anthers. 

9. Note, — The center of the flower is occupied by the Carpels 

in which lie the unripe seeds or Ovules. Each carpel 
may be considered as a modified leaf. 

a. About how many carpels do you find? 

b. Are they separate, or united into a single organ 

(the Pistil) ? 

c. (Use a lens.) Describe the color, size and outline 

of a carpel. 

d. Are the carpels all alike in size and shape? 

10. Note. — The tip of a carpel, fitted to catch and hold pollen, 

is called the Stigma. The lower part of the carpel 
containing the ovule or ovules is the Ovary. The 
stigma in some plants is elevated on a rodlike struc- 
ture, the Style. 

a. Is there a style present in your specimen? 

11. Note, — A flower which possesses sepals and petals in addi- 

tion to the essential organs is Complete. 

O. Is your specimen complete or incomplete? 
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12. Note, — A flower which has the same number of parts (or 

some multiple of that number) in every whorl is 
Symmetrical. 

a. Is your specimen symmetrical or asymmetrical? 

13. Note. — A flower which has the parts in each whorl alike in 

size and shape is Regular. 

a. Is your specimen regular or irregular? 

14. Of what use to the buttercup is its color? 

15. a. Bite the peduncle and describe the resulting taste. 

b. Of what use to the plant is its peculiar flavor ? 

Drawings, — I. A flower from above (X3)« 
11. A view from the side (X 3). 
III. A single sepal, petal, stamen and car- 
pel (or pistil) (X3)- 

Label, — Sepal, petal, stamen, carpel (or pistil) and 
peduncle. 
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MOUNTAIN LAUREL. 
Materials, — Sprays of Kalmia latifolia. 

1. Describe the calyx in the mountain laurel. 

2. a. Describe the general shape and the color of the 

corolla* 

b. How many lobes are there? 

3. a. How many stamens do you find ? 

6. Compare the number of stamens with the number 
of little pockets in the corolla. 

c. Are the stamens all alike in size, shape and posi- 

tion? 

d. Where does the anther normally lie? 

4. a. Describe the position of the pistil. 

b. Is the ovary superior or inferior ? 

5. a. What part would a bee first touch on entering a 

flower ? 
b. What would happen when a bee touched a stamen? 
(Touch one with a pencil.) 

c. What is the purpose of the device just seen? 

6. a. Is the flower regular? 

b. Is it complete? 

c. Is it s)rmmetrical? 

Drawings. — I. Side view ( X 4). 

II. View from above, showing some sta- 
mens in place and some sprung out 
(X4). 

III. A floral diagram (X 2). 

IV. A flower cluster from the side (X J4). 
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APPLE. 

Materials. — ^Apple blossoms; longitudinal sections. 

1. Note. — Parts in any whorl, when attached to the parts of an ad- 

jacent whorl, are said to be Adnate. 

a. Describe the position of the petals in the apple. 

2. Note. — An ovary is Superior when the other parts of the 

flower are attached below it (as in the Wake-robin) ; 
an ovary is Inferior when the other floral organs are 
attached to the top of the ovary itself. 

a. Determine the position of the ovary in the apple. 
(See the longitudinal section!) 

3. How many lobes are present in the calyx? 

4. Describe the number, shape and color of the petals. 

5. Describe the position and approximate number of the 

stamens. 

6. How many styles and stigmas are there? 

7. Describe the apple blossom as to regularity, sym- 

metry and completeness. 

8. For what kind of pollination does the apple blossom 

seem fitted? Give your reasons. 

9. a. What would happen to an apple tree if every blos- 

som should give rise to an apple? 

6. What conditions are necessary for the production 
of an apple from a blossom? 

C. What conditions prevent many blossoms from giv- 
ing rise to fruit? 

Drawings. — I. Entire view from above (Xi)» 
11. Longitudinal section (Xl)* 
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Materials. — Flowering specimens of Onagra biennis 
with buds just ready to open; longitudinal sections; 
cross-sections of the ovary, or of the developing 
fruit. 

1. Where are the flowers situated? 

2. Describe the number and position of the petals. 

3. a. How many stamens are there, and where are they 

attached ? 
&• Describe the mode of attachment of the anther to 
the filament. 

4. a. How many styles and stigmas are there ? 

b. Which seem to be ripe in your specimen, the anthers 

or the stigmas? 
C, Is this the case in every specimen? (Open a nearly 

ripe bud!) 

5. a. Where is the ovary? 

6. How many locules or spaces containing ovules are 
there in the ovary? 

6. Split open the tube surrounding the style, and measure 

the depth of the tube. 

a. To which whorl of the flower does the tube belong ? 

b. What would you call the projections at the upper 

edge of the tube? 

7. Characterize the flower as to completeness, regularity 

and symmetry. 

8. a. Where is the nectar to be found? 

b. What sort of night-flying insect could reach the 
nectar ? 

C. In what ways would an evening-primrose be at- 
tractive to an insect? 
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9. Mention briefly all the ways in which the eveningr 

primrose seems adapted for cross-pollination. 

10. Recall any other night-blooming plants you may have 

seen. 

a. What is their general color? 

b. Have they marked perfume? 

Drawings. — I. A longitudinal section (Xi)- 

II. A cross section of the ovary (X6). 

Label. — Ovary, tube, lobes, petals, stamens, style, 
stigmas, locules, ovules. 
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SWEET PEA, 

Materials. — ^A few entire plants of Lathyrus odoratus, 
cut flowers. 

L Note^ — ^The Sweet Pea belongs to the great Pulse family, 
the flowers of which give rise to a podlike fruit, as in 
the bean. 

2. Do the flowers occur singly or in clusters? 

3. Describe the sepals in number, shape, and arrange- 

ment. 

4. a. How many petals are there? 

6. Does any one appear to be formed of two united 
petals ? 

5. Note. — The large petal at the top of the flower is the Banner, 

the two side petals are the Wings, and the curved petal 
lying below is the Keel. 

a. Describe the various petals in size, shape and color. 
Direction. — Gently press down the keel. 

6. a. What structure rises into view? 

b. Describe the pistil (stigma, style and ovary) in size 

and shape. 

7 Note, — Stamens united by their anthers into a single group are 
MoNADELPHOUS ; stamens united by the anthers into two 
groups are Diadelphous. 

a. Describe the condition of the stamens in the sweet 

pea. 
8. a. If a bee should alight on the flower in search of 
honey, what part would the insect rest upon? 

b. As the weight of the bee bore down the keel, what 

floral structures would touch the lower surface 
of the insect's body? 



62 BOTANICAL STUDIES. 

c. Of what use to the flower is the arrangement de- 

scribed in (&) ? 

d. Of what use to the flower are its color and odor? 
9. a. Is the flower complete? 

b. Is the flower regular? 

c. Is the flower symmetrical? 

Drawings. — I. Entire flower from the side (X2). 
II. Entire flower from the front (X2). 
III. Banner, wing and keel, each drawn 
separately (X4). 
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WHITE DAISY OR ASTER. 

Materials. — Fresh specimens of Chrysanthemum leu- 
canthemum or Aster sp. Lenses. 

1. Note. — The so-called 'flower' of the daisy consists of a 

Head of many small flowers; those of the outer circle 
are the Ray Flowers and those in the center the Disk 
Flowers. 

a. Describe the head in general appearance. 

2. Note. — The whorl of leaflike scales (Bracts) below the 

flower cluster is called an Involucre. 

a. Describe the color and general appearance of the 

involucre. 

3. a. Describe one of the ray flowers with reference to 

size, shape and color. 

b. Do these flowers seem to be perfect and complete? 

4. Look for disk flowers in which the anthers are ripe, 

and for others which show ripe stigmas. 
A Describe specimens of disk flowers showing the two 
conditions. 

5. Note. — Plants like ""the daisy and sunflower belong to the 

great Composite family. 

a. What sort of flowers and of flower clusters do you 
find in the composite family? (Give a brief 
general description as a summary of your 
work.) 

Drawings. — I. Entire head from above (X^). 
II. Single ray flower (XS). 

III. Single disk flower (X 5). 

IV. Longitudinal section of a head (X 2). 
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INFLORESCENCE. 

Materials. — Flowering specimens of as many of the 
following plants, or of similar forms, as may be 
available : 

Plantain; 'Timothy' grass; a Panicum; Deutsia gra- 
cilis; lily-of-the- valley ; milkweed; wild carrot; Rho- 
dodendron sp.; a clover; a thistle; burdock; dande- 
lion; chickweed; dogwood; button-bush; Jack-in-the- 
pulpit; birch. 

In each specimen note the following points : 

1. What is the general shape of the cluster as a whole? 

2. Are the flowers each provided with a stalk (Pedicel), 

or are they sessile? 

3. Describe the way in which the flowers are arranged 

on the main stalk or Peduncle. 

4. Note the location and the size of the bracts. 

5. Is there an involucre or circle of bracts below the 

entire cluster? If so, how many layers are 
there? 

6. Where are the oldest flowers? 

7. Note. — Ousters are Determinate when the oldest flower is 

terminal or central, and Indeterminate when the oldest 
flower is at the bottom or on the outside. 

a. Classify your specimens as determinate or indeter- 
minate, giving the results in two columns. 

Drawing. — Give a side view of each cluster studied, 
showing one flower in detail, and indi- 
cating the others by circles. The age of 
the flowers may be shown by varying the 
size of the circles. 
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WEEDS. 

Materials. — Specimens of several of the following 
forms: Ragweed, smartweed, plantain, shepherd's 
purse, peppergrass, sweet clover, wild carrot, clot- 
bur, dandelion, a thistle, mullein, thorn-apple, rough 
pigweed, curled dock, sourgrass. 

In each case work out the following points, so that you 
may recognize the plant when you see it growing: 

1. The general habit of the plant. 

2. The shape and arrangement of the leaves. 

3. The color and arrangement of the flowers. 

4. The general form of the fruits, if they be present, 

and the way in which the seeds are scattered. 

Drazving. — ^A leaf of each specimen studied. 



FRUITS. 

MILKWEED. 

Materials, — Dry pods of Asclepias sp. empty of seeds. 
Vials containing each a single seed; a few full pods 
for demonstration. 

1. Note, — A Fruit consists of a ripened ovary with the adja- 

cent parts and contains the ripe Seeds. Such fruits as 
split to permit escape of seeds are Dehiscent; such as 
do not do so are Indehiscent. 

a. Is the milkweed fruit dehiscent or indehiscent? 

2. Has the milkweed a dry or a fleshy fruit? 

J. Note. — ^The thickened and developed wall of the ovary is 
called the Pericarp (lit, 'around the fruit*). A dry 
pericarp, dehiscent along one line or Suture, is called 
a Follicle. 

a. Describe the shape, and character of surface in your 

specimen. 

4. a. What peculiar structures do you find attached to the 

seeds? Describe a seed in detail. 
6. Of what use to the seed is the structure just de- 
scribed ? 

5. Tell why it is desirable that the seeds be scattered far 

from the parent plant. 

6. a. What can you say of the number of seeds in a single 

pod? 

b. How do you explain the fact that milkweed is so 

common ? 
Drawings, — I. Entire pod from the side, showing the 
method of dehiscence (X l). 
XL A single seed (X 2). 
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STRING BEAN. 

Materials. — A quantity of entire young pods; cross- 
sections; pods opened along the dorsal suture; some 
older pods dry enough to show dehiscence. 

Note. — A dry podlike fruit dehiscent along two Sutures, is a 
Legume. The parts into which the pericarp splits are 
called Valves 

a. Describe the general form of your specimen. 

b. What structures were formerly attached to the scar 

at the base of the fruit? 

c. What part of the flower is represented by the curved 

free end of the pod? 

Note, — ^The part of the ovary to which the seeds are attached, 
is the Placenta. 

a. What can you say of the shape and position of the 

placenta in the string bean? 

b. How are the seeds attached? 

c. Where are the ' strings ' situated, and what is their 

nature ? 
, Note the relative size of the seeds in your specimen, 
and compare several specimens with regard to 
the number of seeds present. 
0. Note your results and try to explain them.' 

Drawings. — I. A general view (Xi). 
II. An opened pod (Xi). 
III. A cross-section showing the attach- 
ment of a seed (X3)» 
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JIMPSON WEED. 

Materials. — Dry capsules of Datura sp. 

1. Note, — ^A dry fruit, derived from a compound ovary and 

dehiscent by several valves, is a Capsule. 

2. By how many valves does the fruit open ? 

3. a. What can you say of the number of seeds in a single 

fruit? 

b. Describe the size, shape, color and consistency of the 

seeds. 

c. Do the seeds exhibit any special means of dispersal ? 

4. a. In what several ways are the fruits protected from 

the attacks of animals? 
b. What is the advantage to the seed of the poison it 
contains ? 

5. How do you account for the fact that Jimpson Weed 

is so widely distributed ? 

Drawing. — A single capsule from the side showing 
*5eeds in place (X 2). 
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MAPLE. 

Materials, — Keys of Acer sp. 

1. Is the maple fruit dehiscent or indehiscent? Give rea- 

sons for your answer. 

2. Is the maple a dry or a pulpy fruit? 

3. Note. — A dry, indehiscent pericarp provided with wings is 

called a Key Fruit or Samara. 

a. What sort of a fruit is that of the maple? Give 

reasons for your answer. 

b. How many seeds does it contain ? 

4. a. Describe the Wings in texture, shape and size. 

b. Of what use to the seed are the structures just 
described ? 

5. Tell why it is especially desirable that seed of trees 

should be scattered far from the parent plant. 

6. Name all the devices by which the seed is protected. 

Drawing. — Entire fruit (X2). 
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OAK. 



Materials. — Acorns of Quercus sp. 

1. Note. — ^The acorn separates naturally into two parts, the 

Acorn Proper and the Cupule or involucre. 

2. Describe the cupule in position and structure. 

3. Describe the acorn proper, with regard to shape, color 

and character of surface. 

4. a. What structure was formerly attached to the apex 

of the acorn? 
&• Does any trace of it still remain? 

5. Note, — A dry, indehiscent fruit having a hard pericarp and 

containing usually a single seed, is a Nut. 

6. Where does the acorn obtain the material to produce 

so great a bulk as appears in an old oak tree ? 

Drawing, — Entire fruit, acorn and cupule attached 
(X2). 
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Materials. — Small unripe specimens ; longitudinal sec- 
tions; cross-sections. 

1. Note, — A simple fruit with the entire pericarp fleshy, is a 

Berry. 

2. What part of the flower is represented by the rather 

shriveled structure at the base of the specimen? 

3. How many locules, or spaces containing seeds, are 

visible in a cross-section ? 

4. a. Describe the position of the placenta in a locule. 
b. What can you say of the number and mode of 

attachment of the seeds ? 

5. a. How are the seeds of a berry scattered ? 

6. What is the value to a plant of having colored, 
fleshy fruit ? 

Drawings. — I. Longitudinal section (X i)- 
n. Cross-section (Xi). 



•j^ . BOTANICAL STUDIES. 

CUCUMBER. 

Materials, — Entire specimens of medium size; cross- 
sections; sections made along one of the longitudi- 
nal furrows to the ridge opposite. 

1. Note, — A berrylike fruit with a hard outer rind, is a PEPa 

2. Describe the general shape and the color of your speci- 

men. 

3. Note. — In the cross-section may be seen, near the outer mar- 

gin, several dots, representing ftbro-vascular bundles. 

a. How many bundles are there, and of what value 
are they in a fruit? 

4. a. How many locules are visible in a cross-section? 

6. Describe the shape, extent and position of the pla- 
centas. 

5. Describe the arrangement and mode of attachment of 

the seeds. 

Drawings, — I. Cross-section (Xi). 

II. Longitudinal section (Xl)» 
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Materials. — Small green specimens; cross-sections; 
longitudinal sections; chart showing an apple blos- 
som in longitudinal section. 

1. Note, — A berrylike fruit in which the carpels are enclosed by 

the fleshy calyx-tube,* is a Pome. 

a. What other parts of the flower have left traces in 

the fruit? 
&. Describe the carpels as to number, position and 

character of wall. 
c. Describe the seeds as to position, number and place 

of attachment. 

2. Your cross-section has probably became dry. What 

structure prevents uninjured apples from dry- 
ing up? 

3. How do the seeds escape from the fruit before ger- 

minating ? 

4. What IS the value to a frmit of bright color, pleasant 

odor, and edible quality of pulp? 

Drawings. — I. Longitudinal section (Xi)« 
II. Cross-section (Xi). 

♦The flesh is Calyx-tube according to Britton and Brown. 
The Bonn text-book calls it receptacle. According to Gray, 
the inner pulp is receptacle, the outer is Calyx-tube. 
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CLOT-BUR. 

Materials. — Dry burs of Xanthium spinosum. 

1. Note. — In certain plants, the involucre enfolds the old 

^lower head, forming a common covering for the several 
fruits. 

a. Does the outside of the bur show signs of a seam? 

Does the bur appear to split open to permit escape 
of the fruits ? 

b. Describe the color, general shape, odor and consist- 

ency of the bur. 

2. a. Describe any peculiar structures observed on the bur. 
b. What is the use to the bur of the structures just 

described ? 

3. Is the clot-bur likely to be destroyed by seed-eating 

animals ? 

4. Describe fully the ways in which burs may be dispersed. 

5. (Study the cut surface in a specimen cut across.) 

a. How many fruits do you find ? 

b. Has each fruit a separate covering? 

6. How do you suppose the germinating seeds escape from 

the bur ? 

Drawings. — I. Entire bur (X 5). 
n. Cut surface (XS)- 
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PINE CONE. 

Materials, — Dry cones of Pinus resinosa. 

1. Describe the outline of the pine cone as seen from the 

side. 

2. a. Describe the arrangement of the scales in the ripe 

cone, 
fc. What is the advantage of this arrangement? 

3. a Where are the seeds placed? (Pull back a scale.) 
b. How many seeds do you find under each scale? 

r. Are the seeds enclosed in a seed-vessel or ovary? 
d. Compare the seeds in the pine with those of the bean 
as to position in the fruit. 

4. a Describe the seed of the pine as to shape, size, color 

and consistency. 

b. Do you find any peculiar appendage on the seed ? 

c. What is the purpose of this appendage ? 

Drawings. > — I. Entire cone from the side, showing 
position of seeds (X i)- 
II. A single seed showing * wing (X 2). 
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DISPERSAL OF SEEDS AND FRUITS. 

Materials. — ^Take four specimens from each of the fol- 
lowing groups : A. Linden, elm, ash,'' ailanthus, 
thistle, squaw-weed, clematis. B. Burdock, beggar's- 
ticks, enchanter's nightshade, stick-tights. 

, Note the wings, plumes or hooks that may be present 
and describe their form and arrangement. 

. Tell what advantages such structures may give to the 
fruit possessing them. 

. What agent in each case serves to scatter the several 
fruits you are studying? 

Drawings, — Make two separate groups, each contain- 
ing four specimens, of Wind-scattered and pf 
Animal-dispersed fruits. 

Label, — Wing, hook or plume. 
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PLEUROCOCCUS. 

Materials. — Pleurococcus sp., on bark, slides of Pleu- 
rococcus prepared for the microscope with Zinc 
chlor-iodide. 

On Bark containing Pleurococcus. 

1 . What can you say of the color and general appearance 

of the plants? 

2. Are they found in equal abundance on all parts of the 

bark? 

3. Are they dry or moist? 

Under Low Power of the Compound Microscope. 

4. a. What IS the form of the little bodies or Cells? 
&. What is their color? 

r. Are they all of the same size ? 

Under High Power, 

5. Note.'^K plant Cell consists of a mass of Protoplasm (liv- 

ing matter), surrounded generally by a wall of Cel- 
lulose. 

a Describe the Cell Wall in Color, thickness aild 

outline. 
6. Do you find green coloring matter (Chlorophyll) ? 
c. Could Pleurococcus form starch ? Give reasons. 

77 
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6. Can you find a Nucleus (a small ovoid body) in the 

cell? 

7. a. Are all the cells entirely separate from each other? 

b. What evidence have you that the cells divide in 

order to increase in number ? 

c. Do any of the cells seem to have formed colonies? 

Drawings. — I. A single cell. 

II. A two-celled colony, 

III. A three-celled colony. (Due to the 

more rapid division of some cells.) 

IV, A four-celled colony. 
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POND SCUM. 

Materials, — Spirogyra sp. in small glass dishes of fresh 
water; prepared slides of fruiting material. 

Gross Structure. 

1. a. What is the general form of a single plant? 

b. What is the color? 

c. Where would such plants live? 

d. Does the plant seem to have organs for attaching 

itself? 

e. How does it * feel ' when rubbed between the 

fingers? 

Under the Low Power of the Compound Microscope. 

2. Note. — A thread-like plant body is called a Filament. 

a. What can you say of the length of the filaments? 

b. Do they seem to branch? 

c. Compare several threads as to diameter. 

3. a. What can you say of the number of little structures 

(Cells) making up the whole filament? 

6. How are the cells placed with reference to each 
other? 

c. Is there any green coloring matter (chlorophyll) 
present ? 

Direction. — With the high power of the microscope 
focus carefully on one cell, using the fine adjust- 
ment to bring upper and lower surfaces of the 
cell in turn into focus. 

4. a.' What is the shape of a single cell? 

b. Describe the shape of the partitions separating the 
cells. 
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5. o. Describe the chlorophyll mass in form and character 

of margin. Is it uniformly distributed through- 
out the cell? 

b. How many chlorophyll bands are there in a cell ? 

c. How many complete turns does a given band make 

in a cell? 

d. Compare the distribution of chlorophyll in Pleiiro- 

coccus and Pond Scum. 

In Prepared Specimens of the Plant in Fruit. 

6. Note. — When two cells in adjoining filaments put out tubes, 

by means of which the contents of one cell mix with 
the contents of the other, the cells are said to be in 
Conjugation. 

a. Describe the appearance of a conjugating filament. 

b. Do you find any cells where the contents are passing 

over? 

7. JVof^.-— The cell formed as a result of conjugation is called a 

Zygospore. 

a. Describe a zygospore as to size, shape, and thick- 

ness of coat? 

b. Of what use would zygospores be to a plant like 

Pond Scum? 

c. Do the bodies of water in which Pond Scum lives 

ever dry up? 

Drawings. — L A single filament under the low power. 

Label. — Cells, cell walls, chlorophyll bodies. 
II. A single cell (high power) • 

Label. — Chlorophyll bands, cell wall, cell bocly. 
III. A conjugating filament. 

Z^^/.-^Conjugating tubes, zygospores, cell walls. 
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ROCKWEED. 

Materials, — ^Fresh or formol specimens of Fuats sp. 
in fruit Specimen soaked in alcohol 95 per cent in 
order to show the chlorophyll. 

1. a. What is the general shape of the body? 
b. Is the body simple or branched ? 

2. Note, — A generally leaflike plant body, not divided into root, 

stem and leaf, is called a Thallus. 

a. What reason can you give for calling Rockweed a 

thallus? 

3. Can you find any part of the plant modified for a 

'holdfast'? 

4. a. Is part of the plant modified to enable it to float ? 

b. Describe the bladders as to position, color and sur- 

face character. 

5. Note, — ^The swollen free ends of the thallus contain little pits 

(the *CoNCEPTACLEs')» in which are developed the Eggs 
and Sperms. 

a. Describe the general appearance of the conceptacles. 

6. a. What evidence can you give that Rockweed con- 

tains chlorophyll? 

b. What kind of food would it use ? 

7. a. Would Rockweed easily become water soaked? 
6. Would the plant be likely tp be eaten by fishes? 

c. Would it be easily torn by the waves ? 

8. Mention all the ways in which Rockweed is adapted 

to its peculiar mode of life. 

Drawing. — Part of the plant (X^). 

L(j6rf.~Thallus, bladders, conceptacles^ holdfast (if 
you find it). 
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YEAST. 

Materials. — Sediment of Commercial yeast : iodin solu- 
tion; compound microscopes. 

Examination with the Microscope. 

1. a. What is the color of the mass of yeast plants as seen 

with the low power? 
6. What form do the plants seem to have? 

With High Power. 

2. a. Are all the cells of the same j=i.ze? 
b. Have they all the same shape? 

c Do you find any cells joined together? 

d. How do you account for this ? 

e. Are the cells which are budded off of the same size 

as those from which they have come ? 

Direction. — Run some iodin solution under the cover 
glass. Examine carefully a single cell. 

3- a. What is the color of the cell? 

b. Do you find a clear spot or Vacuole in any of the 

cells ? 
C. What is the appearance of the contents of a cell ? 

Drawings. — I. A single cell. 

II. A cell showing buds. 
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BLACK MOULD. 

Materials. — Rhizopus nigricans growing on sweet po- 
tato or bread, given out in small glass dishes; fruit- 
ing specimens mo^uited in dilute alcohol; compound 
microscopes. • 

1. a. What is the general appearance of the mould? 

b. Does it grow uniformly on all parts of the bread or 
potato ? 

2. a. Does the mould contain chlorophyll ? 
&. Is it able to make its own food? 

3. Note. — A plant or animal which lives at the expense of a 

Living plant or animal is called a Parasite ; a plant or 
animal obtaining its food from the Dead bodies of 
plants or animals is called a Saprophyte. 

a. Is the mould a parasite or a saprophyte ? 

b. Name all the materials upon which you have found 

mould growing. 

4. Note,— The thread-like parts of the mould (called HypHiB) 

taken together form a Mycelium. 

0. Describe the direction taken by the hyphae, and 
notice whether they branch. 

5. Note.—'The tiny bodies rising on little stalks are the Sforb 

Cases (Sporangia). 

0. Are all the spore cases the same in size and color? 
6. How do you account for the differences? 

c. Do all the sporangia rise above the general mass of 

the mould? 
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Direction. — Study with the low power of the micro- 
scope. 

6. Do you find partitions (such as we saw in Pond Scum) 

showing that the hyphae consist of distinct cells ? 

7. a. What is the shape of an unopened sporangium? 
b. How do the sporangia open? 

8. Describe the appearance of old and of young sporangia 

as seen under the microscope. 

9. a. Describe the shape, size and color of the Spores. 

b. What can you say of the number of spores in a 

single sporangium? 
C. By what means are the spores scattered? 

Drawings. — I. The Mycelium in part, showing the 
fruiting hyphae and sporangia 
(X4). 
IL A series t)f four sporangia ^showing 
the stages of development. (Low 
power.) 

III. An opened sporangium showing spores. 
(Low power.) 
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MUSHROOM. 

Materials, — Fresh specimens of Agaricus campestris; 
spore prints; chart or microscopic preparation 
showing spores in situ. 

1. Note, — The plant body consists of two parts: a branching 

mass of white threads (under ground), the Mycelium; 
and the Fruiting. Body which rises above the surface of 
the ground. 

a. Describe any traces of the mycelium you may find. 
&. What is the general shape of the fruiting body? 
c. What can you say of its consistency and color? 

2. Describe the Stalk as to diameter, length, color and 

surface character? 

3. a. What is the general shape of the Cap as seen from 

above? 
ft. Compare the upper and lower sides of the cap with 
reference to color and character of surface. 

4. Note, — In young specimens, the lower surface of the cap is 

covered by a thin Veil. 

a. Can you find the place in old specimens where the 

veil was attached to the stalk? 

b. What is the general shape of the fragment of veil 

(the Ring) still attached to the stalk? 

5. Note, — The ridges on the under surface of the cap, called 

GiLLS^ bear the developing spores. 

a. Describe the arrangement of the gills with reference 

to the stalk. 
6. What can you say of the size and niunber of spores 

as seen with the naked eye? (Use a spore print.) 
Direction, — Use a microscopic slide or a chart in 

answering 6. a, and 6. b. 
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6. Note, — The cells which project from the surface of the 

gills and which bear the spores are called Basidia 
(sing, basidium). 

a. Describe the position of the spores on a basidium. 

b. How many spores are found on each basidium? 

General Questions. 

7. a. What is the advantage of the long stalk to the mush- 

room? 

b. Why are the spores found on the lower instead of 

the upper side of the cap ? 

8. a. Do mushrooms contain chlorophyll? 

6. Could they manufacture starchy food? 

c. Where and how must they get their food ? 

Drawings. — I. Side view of the fruiting body (X i). 
II. View of the under side of the cap 
(XI). 

Label. — Stalk, cap, gills, ring. 

III. A single basidium and spores (drawing 
two inches in length). 
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BRACKET FUNGUS. 

Materials. — Entire specimens of Fomes megaloma; 
prepared slides or charts; a few specimens ol 
Hydnum sp. and Daedalia sp. 

1. Note. — The fruiting body of the bracket fungus is usually 

found projecting from tlead or dymg wood, which is 
penetrated by the mycelium. 

a. What IS the general shape of the fruiting body? 

b. In what position would it be found growing on a 

tree trunk? 

2. Compare the upper with the lower side in color and 

character of surface, 

3. a. Describe the arrangement, number and size of the 

spore-bearing tubes. 

b. On which side are they found, and why? 

c. Describe the appearance of the spore-bearing sur- 

face in other specimens shown to you. 

From Microscopic Slide or Chart. 

4. Note, — The long, spore-bearing cells projecting into the tubes 

are called Basidia (sing, basidium). 

a. Describe the form and structure of a basidium as 

seen in a cross-section of a tube. 

b. Compare the position of the spores with that ob- 

served in the mushroom. 

5. a. Compare the fruiting body in the bracket fungus 

and the mushroom as to general appearance. 

b. Compare the two in consistency. 

c. Is any part of the fruiting body found lacking in the 

bracket fungus that was present in the mush- 
room? 
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d. Compare the spore-bearing surfaces in the two 

forms. 

e. What can you say of the number of spores in each ? 

Is there any advantage in this? 
/. How might the spores be scattered? 
6. a. Does either of the plants contain chlorophyll? 
b. Where and how do they get their food? 

Drawings, — I. View from the side (X i). 

Label — Upper, lower and attached surfaces, spore 
tubes. 

II. View from below (X i). 
III. View of a cross-section of a tube 
(drawing two inches in diameter). 

Label. — Basidium, spores, wall of tube. 
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LICHEN. 

Materials, — Dry specimens of any large form: e. g., 
Sticta sp. or Physcia sp. Chart showing the structure 
of the apothecia. 

1. What is the general shape of the body? 

2. Describe the character of the upper and the lower sur- 

face. State all the differences you observe. 

3. a. Is the body all in one piece? 

b. Is it a thallus? Give your reasons. 

4. a. Is the body soft and moist? 
h. Where do lichens grow? 

5. Note. — The lichen is a partnership between cells of an Alga 

and a Fungus. The fungus part reproduces (somewhat 
in the manner of Black Mould) by spores and the alga 
(as does Green Slime) by cell division. 

a. Which part gives the greenish color to the lichen ? 

h. What kind of food does an alga make and use ? 

c. What kind of food does a fungus need? 

6. Note. — The dark cuplike structures sometimes found on the 

lichen are the fruiting bodies which contain the spores. 
a. Describe a fruiting body in size, color, shape and 

position. 
h. To which part of the lichen does the fruiting body 

belong, alga or fungus? (See the chart.) 

7. State fully all the advantages resulting to the alga and 

the fungus respectively, when they live together 
in partnership as a Lichen. 
Drawings, — I. Entire lichen as seen from the upper 
surface (X i). 
II. View of a microscopic section through 
a fruiting body (drawing four inches 
long). 
Label. — Fungus hyphae, cells of the alga. 
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PIGEON WHEAT MOSS. 

Materials. — Fresh specimens of sterile plants of Poly- 
trichum vnlgare; fresh or preserved fruiting plants; 
models, charts or prepared slides of protonema, 
antheridia and archegonia. 

Sterile Shoot. 

I. Describe any parts that resemble root, stem and 
leaves. 

2. Is the stem branched? 

3. a. In what way are the leaves arranged? 
b. Describe the shape of a leaf. 

4. a. Does the moss contain chlorophyll? 
h. How do you know ? 

5. a. What kind of food does the moss use? 
b. Ho'" do you know ? 

Fruiting Body. 

6. Note, — The spores are contained in a case or Capsule 

which is borne on a long stalk. 

a. Note the color of the fruiting body (stalk and cap- 

sule). Does it contain chlorophyll? 

b. Describe the shape of the capsule. 

c. Do you find a little cap or hood over the capsule ? 

If so. describe it. 

From Chart, Model or Prepared Slides. 

7. Note. — A spore, when sown in a favorable place, will give rise 
to a tiny, thread-like plant, called the Protonema. 

a. Describe the protonema in shape and color. 

b. How does it grow? 
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8. Note.-^-Th^ protonema gives rise, by budding, to leafy moss 

plants which may contain the sex organs, Antheridia 
and Archegonia. 

a. Where are the two kinds of sex organs respectively 

located ? 

b. Are they both situated on the same plant body? 

9. Note, — ^The antheridium is filled with motile cells, the An- 

THEROZOiDS, while the archegonium contains a single 
non-motile Egg Cell. 

a. Describe the antheridium more fully. 

b. Describe the archegonium more completely. 

la Note. — After Fertilization, or the union of an antherozoid 
with an t^g cell, the t^^ gives rise by continued di- 
vision to the stalk and the capsule in which the spores 
are produced. 

OL By what means does an antherozoid reach the egg 
cell? 

II. a. Trace the entire history of the moss plant begin- 
ning with the fertilization of the ^gg cell. 

b. Does the plant which bears the sex organs give rise 
directly to a form like itself? 

r. Does the spore-bearing part give rise directly to a 
body like itself? 

i2i Notej—^Tht alternation, in the history of a plant, of a body 
which bears sex organs with a body which reproduces 
only by spores, is called Alternation of Generations. 

Drawings. — I. The leafy moss plant (Xi), from 
specimen. 
II. Antheridium with antherozoids (draw- 
ing two inches long), from chart 
or slide. 
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III. Archegonium with ^gg cell (drawing 

two inches long), from chart or 
slide. 

IV. Spore-bearing plant (X i), from 

specimen. 

V. Protonema (drawing two inches 
long), from chart or slide. 
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ROCK FERN. 

Materials. — Entire plant of Polypodium vulgare show- 
ing the underground stem; fresh fronds in fruit; 
compound microscopes, slides, and cover glasses; 
charts. 

I. 01 Describe the underground stem or Rootstock 
with reference to color, size and surface char- 
acter. 
b. Would such a stem lie far underground? 

2. Describe any root-like organs you may find, as to 

shape, size and position on the rootstock. 

3. a. From what part of the rootstock do the green leaves 

or Fronds arise? 

b. Have fronds arisen from this same rootstock in 

previous years? Give reasons. 

c. Describe a young frond or Crozier. 

4. Note. — The main axis of the frond is called the Rachis; 
the leaflets on either side are the Pinn^ (sing, pinna). 

a. How are the pinnae arranged on the rachis? 

b. Do you find a midrib in each pinna ? 

5. Note. — On the lower side of the pinnae are the Sori (sing. 

sorus) or groups of spore cases. 

a. Describe the sori in arrangement and number? 

b. How are they arranged with reference to the veins 

of the pinnae? 

c. Describe a single sorus as to shape, size and color. 

With the Low Power of the Microscope. 

6. Note. — The sorus is composed of many small spore cases 

or Sporangia, which in some ferns are covered by an 
outgrowth from the leaf called the Indusium. 
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a. Is there an indusium present ? 

b. What is the arrangement of the sporangia in the 

sorus? 

Study a Single Sporangium with the High Power. 

7. a. Has the sporangium a stalk? 

b. What is the shape of an unbroken sporangium? 

8. Note, — The thick ring of cells on one side of a sporangium 

is called the Annulus. 

a. Study an open sporangium. Which has been torn, 
the annulus or the other tissues ? Why is this so ? 

9. Note, — The reproductive bodies contained in the sporan- 

gium are called Spores. 

a. Describe a spore in shape, color and character of 

surface. 

b. Are the spores few or numerous? Why is this so? 

The Following Questions May be Answered from 
Blackboard Drawings or Chart: 

la Note, — ^WheA a spore germinates, it gives rise to a small 
thallus-like plant which bears both kinds of sex organs 
and which is therefore the Sexual Stage of the fern. 

OL What is the general shape of the Prothallus or 

sexual fern plant? 
b. Are any root-like organs present? 

II. Note, — ^The antheridia are rounded is shape while the arche- 
gonia are somewhat flask-shaped. 

Ow Describe the position of the antheridia and the 
archegonia. 
b. How do these organs compare in form and posi- 
tion with the corresponding organs in the 
tno3S? 
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12. Trace the entire history of a fern, beginning with the 

germination of a spore. 

13. Do the ferns illustrate the process of alternation of 

generations? Explain fully. 

Drawings. — I. A fern plant (Xl). 

Label, — Rootstock, roots, fronds, croziers, pinnae, 
rachis. 

II. A pinna showing sori (X2). 

III. A sporangium. 

Label — Stalk, annulus, spores. (High power.) 

IV. Prothallus (drawing two inches in 

length). 

Label — ^Antheridia, archegonia, rootlike organs. 
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FIELD HORSETAIL. 

Materials. — Sterile and fruiting specimens of Equi- 
setum arvense. 

Sterile Shoot. 

1. a. Describe the general appearance of the sterile shoot. 
b. How many nodes and internodes do you find in 

your specimen? 

2. a. Describe the leaves in shape, size and color. 

b. How are the leaves arranged on the stem? 

c. Do they contain chlorophyll ? 

3. a. Describe the character of the stem as to shape, 

toughness and surface. 

4. a. Describe the arrangement of the branches on the 

stem. 

b. Do the branches contain chlorophyll? 

c. Are they jointed or un jointed? 

5. Is the stem solid or hollow? What advantage is this 

condition to the plant? 
vantage to the plant? 

6. a. Rub your finger nail over the stem as it is held near 

your ear. Describe the sound that results. 

b. To what is the sound due? 

c. Why is the plant called the ' scouring rush ' ? 

Fertile Shoot. 

7. Note. — The Sporangia are found at the tip of the shoot 

a. How are the sporangia arranged on the stem ? 

b. What is the appearance of a single sporangium? 

8. Note. — The spores are found on the under surface of the 

sporangium. 
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a. What advantage do the spores gain from their 
position ? 

Drawings, — I. Entire sterile plant ( X /4 ) • 

II. Tip of the fertile shoot showing 
sporangia (X4)- 



PART II 



ZOOLOGICAL STUDIES 



ARTHROPODA. 

GRASSHOPPER. 

Anatomy. 

Materials. — Specimens of Melanoplus femur-rubrum, 
preserved in 5 per cent formol, or in 80 per cent 
alcohol; living grasshoppers in covered glass dishes 
or in glass vials stoppered with perforated corks. 

1. Into how many Regions is the body divided? 

2. Note. — The Anterior or front part is the Head, the middle 

piece is the Thorax and the Posterior or hind part is 
the Abdomen. 

3. What fraction of the whole body is taken up by the 

head, the thorax and the abdomen, respectively? 

4. Note. — The ringlike parts lying one behind the other are 

called Segments. 

a. How many segments can you count in the abdo- 

men? 

b. Are the segments all alike in size and shape? Men- 

tion any exceptions. 

$. Note, — Just above the ridge running lengthwise on either 
side of the abdomen, are the Spiracles or breathing 
holes. 

a. How many spiracles are there in a segment? 

b. How many segments bear spiracles? 

6, Note. — Underneath the wings, on the first segment of the 
abdomen, is a thin oval plate, the Tympanum or ear- 
drum. 

lOI 
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a. How many tympana can you find? 

7. Note. — The male grasshopper has a rounded, upturned 

abdomen; the female has the abdomen terminating 
in sharp prongs called collectively the Ovipositor 
C egg-layer '). 

a. How many parts are there in the ovipositor? 

8. How many segments are there in the thorax? 

9. Are any of the segments movable? If any, state 

which. 

10. Note, — An Appendage is a movable structure attached or 

appended to the body: as legs and feelers. 

a. How many appendages are there on the thorax? 

b. Do the appendages occur singly or in pairs. 

11. Are the legs equal in length and in thickness? Which 

legs are the longest and which the shortest? 

12. How many separate parts do you find in the hind 

leg? 

13. Note. — The largest parts in the leg are the following: the 

Femur, the big piece near the body, the Tibia, the 
slender piece next following, and finally the Tarsus 
or foot 

a. Is the tarsus all in one piece? 

b. What structures do you find on the end of the 

tarsus ? 

14. What is the position of the wings when at rest? 

15. Does either pair fold up like a fan? If so, which 

pair? 

16. Describe the differences between the fore and the hind 

wings in size, color and thickness. 

17. What is the shape of the head as seen from the side 

and as seen from the front? 

18. Is the head movable? ^ 

19. How many pairs of large eyes are there? 
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20. Note.— 'The large eyes are said to be Compound because they 

are made up of many small eyes. 

21. Describe the number and position of the simple eyes 

(Ocelli). (Look on the front of the head.) 

22. (k Describe, with reference to the compound eyes, the 

location of the Antennje or long feelers. 
h. How many antennae are there? 

23. Note. — ^The Mandibles or upper jaws are covered by a mov- 

able flap, the Labrum or upper lip. 

a. Describe the mandibles in color and shape. 
6. How do they compare with your own jaws as to 
direction of movement? 

24. How many pairs of Palps or short feelers can you 

find? 

25. Note, — One pair of palps extends from the Maxilla or 

little jaws and the other pair is attached to the 
Labium or lower lip. 

26. Where are the hard parts (the Skeleton) of the 

grasshopper situated? 

27. Note. — A skeleton on the outside of the body is an 

Exoskeleton; one on the inside is called an Endo- 

SKELETON. 

28. How do the eyes of the grasshopper compare with 

yours in position in the head? 

29. Compare the ratio of size of eye to size of head in 

the grasshopper and man. 

30. Are the grasshopper's eyes movable? How do they 

compare with your eyes in this respect? 

31. In what directions can a grasshopper see? Give your 

reasons. 

32. Do you find distinct right and left sides in the body? 



104 zoQlogical studies. 

33. Note. — ^A body in which the right and left sides are counter- 

parts of each other, is said to show Bilateral Sym- 

METRT. 

Activities. 

34. a. Describe briefly the movements of the abdomen. ' 
b. What is the purpose of these movements? 

35. a. In how many different ways can a grasshopper 

move from place to place ? 
b. Which way is most often used ? 

36. a. What is the Function or use of the fore legs? 
b. What is the function of the hind legs? 

37. Tell how the hind legs are fitted for their special work. 

38. {Direction.) Cover the lower part of the bottle for 

a moment with the hand. 

a. How does the grasshopper act? 

b. Does this prove that the grasshopper can see ? 

39. If the insect will eat a piece of grass, answer the fol- 

lowing questions : 

a. How does the grasshopper hold the blade of grass 

when eating? 

b. Describe the motions of the jaws and palps. 

Drawings. — I. Entire animal from the left side 

(X2). ■ 

Label. — Head, thorax, abdomen, antenna, palps, com- 
pound eye, wings, legs (femur, tibia, tarsus), 
spiracles and (in the female) ovipositor. 

II. Dorsal view of the entire animal, 
wings outspread (X2). 

III. The separate mouth parts (X 10). 

IV. The head from the front (X S). 
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BUTTERFLY. 

Materials. — Dry specimens of Pieris rapae placed in 
a moist chamber overnight; prepared slide of wing 
showing scales; compound microscope. 

1. Tell how many regions you find in the body of the 

butterfly, and name them. 

2. Note. — The back or upper part of the animal is called the 

Dorsal surface; the belly or lower part is called the 
Ventral surface. 

3. To which surface are the wings and the legs, respec- 

tively, attached? 

4. How many pairs of wings do you find? 

5. Compare the fore wings with the hind wings as to 

size and shape. 

6. Note. — The thickened ridges on the wings are called Veins. 

7. What purpose do the veins serve? 

8. What material do you find covering the wings and 

the body, respectively? 

9. Note. — The wings of the butterfly are covered with tiny 

Scales. 

a. Describe the shape and arrangement of the scales. 

( Demonstration. ) 
fc. Are these scales colored ; how do you know ? 

10. How are the wings carried when at rest? 

11. Compare the legs of the butterfly with those of the 

grasshopper in number, size and function. 

12. Compare the eyes of the butterfly with those of the 

grasshopper in size and position. 

13. Compare the antennae of the butterfly with those of 

the grasshopper in shape and length. 
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14. Note, — The short, fluffy projections on the front of the 

head and below the eyes are the Labial Palps. 

15. What structure do you find between the palps? 

16. Note. — The coiled tube is the Proboscis. 

17. What form of food could the butterfly take with this 

organ ? 

18. Compare the method of taking food in the butterfly 

and the grasshopper. 

19. How does the body proper of the butterfly compare 

with that of the grasshopper? 

20. a. Are both fore and hind wings used in flying? 

6. Compare the butterfly with the grasshopper in this 
respect. 

21. Which could fly the better: butterfly or grasshopper? 

Give your reasons. 

22. Which could leap the better? Give reasons. 

23. Which could walk the better? Give reasons. 

24. Is the butterfly bilaterally symmetrical? 

Drawings, — I. Entire animal from the left side 

(X1K2). 

Label. — Head, thorax, abdomen, wings, legs, anten- 
nae, eye, labial palp, proboscis. 

II. Side view of head (X S). 
III. View of several scales showing form 
and arrangement. 
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CATERPILLAR. 

Materials. — Formol specimens of any large species. 

I.* Describe the surface of the caterpillar. 

2. What regions do you see in the body? ' 

3. a. Into how many segments is the body divided? 
b. Are all the segments alike in size and in shape? 

4. a. How many pairs of legs do you see? 

b. To what segments are the legs attached? 

5. Note, — The legs near the posterior end of the body are 

called Abdominal Legs. 

a. Compare the caterpillar with the butterfly as to 

number and position of the legs. 

b. What name would you give to the legs attached 

just behind the head? 

6. a. What purpose do the mouth parts serve? 

b. What form of food could the caterpillar take best ? 

7. If the spiracles are visible, tell their number, shape 

and position. 

8. In what ways are the butterfly and the caterpillar 

alike in structure? 

9. In what ways do the caterpillar and the butterfly 

differ in structure? 

Drawing. — Entire animal from the left side (X i). 

Label, — Head, thorax, abdomen, thoracic legs, ab- 
dominal legs. 
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PUPA OF MOTH. 

Materials. — Pupal cases of any large moth, as Cecropia 
or Polyphemus. 

1. Describe the cocoon (case covering the developing in- 

sect) as to texture and size. 

2. a. When are cocoons found and how held in place ? 
&. Does the insect ever make use of the materials on 

which it rests to build part of the cocoon ? 

Direct%on.-^(y^tn the cocoon by cutting it very carefully 
in a longitudinal direction. 

3. a. Compare the inner and outer surfaces of the cocoon. 

b. Can you find the place where the adult insect 

emerges ? 

c. Look for the cast off skin of the first occupant of the 

cocoon. What kind of animal was it ? How do 
you know? 

4. a. Describe the shape and color of the resting insect 

* or pupa* 
6. How many regions can you distinguish in the body ? 
Name them. 

c. Notice the undeveloped wings and antennae. Do 

you find any other appendages? If so, locate 
them. 

d. Look for spiracles or breathing holes. Where are 

they located, and how many can you find ? 

Drawing. — Cocoon opened lengthwise to show the 
pupa in position (X2). 

Label — Case, head, thorax, abdomen, spiracles, ap- 
pendages. 



EGG OF MOTH. xog 

EGG OF MOTH. 

Materials. — Eggs of any large species on leaves. 

1. Describe a single tgg as to color, shape and size. 

2. Where and how are the eggs attached ? In what way 

is the position of advantage? 

3. How is the tgg protected ? 

4. What can you say of the number of eggs found in a 

single group and laid by one moth? 

Drawing. — Eggs on leaf (XS). 

COMPARISON OF MOTH AND BUTTERFLY. 

Materials, — Moth, butterfly, pupae. 

I. a. Compare the moth and the butterfly as to the fol- 
lowing points: 

a. Shape of antennae. 

b. Position of wings when at rest. 

c. Shape and comparative size of body. 

d. Time of day when the animal flies. 
(Dem.) — e. Differences in condition of pupae. 
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DRAGON-FLY. 

Materials. — Dried specimens of any species. 

1. a. What regions do you find in the body? 

b. What fraction of the whole body is occupied by 

each region? 

2. a. How many segments do you find in the abdomen ? 
6. Does the abdomen bear appendages? 

c. Compare the thickness of the thorax with that of 

the abdomen? 

3. Compare the legs of the dragon-fly with those of the 

grasshopper in the following ways: 

a. in number; 

b. in place of attachment; 

c. in size and 

d. as to the number of separate parts (e. g., the 

femur). 

4. What structure do you find on the tip of the tarsus? 

What IS its use? 

5. Compare the fore wings with the hind wings in size 

and thickness ? 

6. What kind of pattern is formed by the wing veins? 

7. Compare the distance between the attachments of the 

fore and the hind wing in the dragon-fly and the 
grasshopper. 

8. Is the head freely movable ? 

9. Which has the larger head as compared with the body, 

dragon-fly or grasshopper? 

10. Compare the compound eyes with those of the grass- 

hopper in size, shape and position. 

11, Describe the antennae in size and position. 
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12. Compare the jaws with those of the grasshopper in 

size, shape and direction of movement. 

13. Note. — The dragon-fly feeds on other insects. 

a. How is the body fitted, as to eyes, jaws and wings, 
for catching prey? 

14. Why is the thorax so large and strong? 

15. Is the dragon-fly bilaterally symmetrical? 

Drazvings. — I. Dorsal view of the entire animal 
(XI). 

Label. — Head, thorax, abdomen, legs, wings (veins), 
eyes. 

n. Views of the separate mouth parts. 
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BEETLE. 

Ufaterials. — Formol specimens of any large form 
(e. g., Hydrophilus sp.). 

1. How does the outer covering of the beetle compare 

with that of the grasshopper? 

2. a. Compare the ventral surface with the dorsal sur- 

face in color. 
b. Can you give a reason for any difference in color 
between the two surfaces? 

3. What regions do you see in the body? 

4. What is the outline of the body as seen from above 

and as seen from the side? 

5. How many segments do you find in the abdomen ? 

6. How does the abdomen compare with that of the 

grasshopper ? 

7. Compare the legs with those of the grasshopper : 
o. in number; 

b. in position and 

c. in function. 

8. Note. — The wings are protected by a pair of tough wing- 

covers called the Elytra. 

a. Describe the color and shape of the elytra. 

b. Do the elytra overlap each other? 

9. Describe the wings, if you can see them. 

10. Compare the head with that of the grasshopper in size 

and shape. 

11. Compare the antennae in beetle and grasshopper as 

to length, shape and position. 
1.2. What are the mouth parts fitted for? 
13. Compare the eyes in beetle and grasshopper as to 

size and position. 
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Drawings, — I. Dorsal view of the entire animal 

(X2). 

Label, — Head, thorax, abdomen, elytra, eyes, anten- 
nae, legs. 

II. Ventral view showing regions of the 
body (X2). 
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HOUSE-FLY. 

Materials. — Alcoholic specimens of house-fly. 

1. a. How many regions can you find in the body? 
b. Which is the largest region? 

2. To which region are the legs and the wings attached ? 

3. Compare the wings of the fly with those of the grass- 

hopper in number and position. 

4. Describe the position of the wings when at rest. 

5. Note. — The hind wings are rudimentary (very small). 

Behind them lies a pair of knobbed hairs, the Bal- 
ancers. 

6. a. Is the head movable? 
&. Is there a neck ? 

7. Describe the compound eyes in number, position* and 

color, 

8. Note. — The little knobbed stalk on the lower side of the 

head is called the Proboscis. 

a. How IS the proboscis carried when not in use? 
6. How would the fly use the proboscis in eating? 

Drawing. — Entire animal from the left side ( X 4) • 

Label. — Head, thorax, abdomen, eye, wing, legs 
proboscis. 
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BUMBLE-BEE. 

Materials, — Alcoholic specimens of any species. 

1. Compare the covering of the body with that of the 

grasshopper, 

2. Into how many regions is the body divided? 

3. What is the shape of the abdomen? 

4. Note. — Some specimens show, at the tip of the abdomen, a 

sharp, bristle-like structure, the Sting. 

a. Describe the sting more exactly in shape and 

length. 

5. Compare the legs with those of the grasshopper in 

number and position. 

6. a. How are the wings carried when a' rest? 

b. Compare the fore with the hind wing in shape, size 

and thickness. 

7. Compare the fore wings in the bee and grasshopper 

with regard to length, shape and thickness. 

8. What IS the outline of the head as seen from the 

front? 

9. Compare the antennae of the bee with those of the 

grasshopper in length and shape. 

10. Describe the compound eyes in number and position, 

11. Describe the ocelli (simple eyes) in number and posi- 

tion. 

12. a. Describe the general appearance of the mouth 

parts. 
b. For what purpose do they seem to be fitted? 

Drawing. — Left lateral view of entire animal (X 2). 

\LabeL — Head, thorax, abdomen, legs, wings, eye, 
antenna, sting. 
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Table of Comparisons. 

{Answer in tabular form the following questions for each 
of the insects studied.) 

1. How many regions in the body? 

2. Does the abdomen bear legs? 

3. Is there any ovipositor or sting? 

4. How many segments are there in the thorax? 

5. How many pairs of legs attached to the thorax? 

6. What purpose are the legs fitted for? 

7. How many pairs of wings? 

8. Which pair is the larger? 

9. Which pair is the stronger? 

10. How are the wings carried when at rest? 

11. How many compound eyes? 

12. How many ocelli? 

13. What is the shape of ttie antennae? 

14. For what purpose are the mouth parts fitted? 

15. Note, — The points of structure in which all the preceding 

forms agree, are the characteristics of the class 
Insecta. 

16. Define an insect. 
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SPIDER. 

Materials, — Alcoholic specimens of any large form. 

1. How many distinct regions are there in the body? 

2. Note. — The head and thorax when joined in one piece are 

called the Cephalo-Thorax, 

o. Describe the shape of the cephalo-thorax. 

3. Describe the abdomen in size and shape. 

a. How much space is occupied by the cephalo-thorax 
and the abdomen, respectively? 

4. Note. — On the ventral side of the abdomen are short pro- 

jections, the Spinnerets. 

5. Locate the spinnerets more exactly. 

6. Note, — On either side of the abdomen are little slits, the 

openings to the breathing organs or Lung Sacs. 

a. How many lung sacs are there in your specimen? 

7. a. How many pairs of legs are there? 

b. To which surface of the body are they attached? 

c. Are the legs all in one piece? 

8. Note. — The short, leg-like structures in front of the true 

legs are called the Pedipalps. 

a. How do the pedipalps compare in size and shape 
with the true legs? 

N Qi Note, — Lying in front of the pedipalps is a pair of Poison 
Fangs. 

a. Describe the poison fangs in length, shape and 
position. 

10. Describe the simple eyes in position and number. 

11. Note, — The female spider has generally a larger abdomen 

than the male. 
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a. Is your spider a male or a female? 
12. Is the spider bilaterally symmetrical? 

Drawings. — I. Dorsal view (X2). 

Label. — Cephalo-thorax, abdomen, legs, pedipalps, 
poison fangs, eyes. 

II. Ventral view (X2). 

Label. — Lung sacs, spinnerets and the parts seen 
in I (except the eyes). 
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CENTIPEDE. 

Materials. — Alcoholic specimens of Lithobius sp. 

1. Is the animal segmented? 

2. What kind of a skeleton do you find? 

3. What can you say as to the symmetry of the body? 

4. What is the general form of the animal ? 

5. How many regions can you distinguish? 

6. Is the head sharply marked off from the body proper 

or Trunk? 

7. Note. — There is one pair of eyes on the dorsal side of the 

head. (Not plainly visible!) 

8. What appendages do you find on the head? 

9. How many antennae are there and where are they 

located ? 

10. Note. — The legs of the first segment of the body are modi- 

fied to act as jaws, and hence are called Maxillifeds 
or foot- jaws. 

a. Describe the maxillipeds more accurately. 

11. a. How many segments are there in the trunk? 

b. Compare the segments in the fore part of the 

trunk with those of the hind part. 

12. a. How many appendages are there on each seg- 

ment? 
&. Do any segments lack appendages? 

13. Are the appendages all in one piece? 

14. Are the legs all of the same length? 

Draiving. — Dorsal view (X 3). 

Label. — Head, trunk, antennae, maxillipeds, legs 
and segments of trunk. 
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Tabular Comparisons between Insect, Spider and 
Centipede. 

1. Where is the skeleton located? 

2. Is the body segmented ? 

3. Name the regions of the body. 

4. Is the body bilaterally symmetrical? 

5. What segments bear appendages? 

6. How many appendages are there on a segment? 

7. What is the total number of legs ? 

8. Are the legs jointed? 

9. How many eyes are there ? 

ID, How many antennae do you find? 
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CRAYFISH. 

Anatomy. 
Materials, — Formol specimens of Cambarus sp. 

1. Describe the skeleton in location and consistency. 

2. What must a crayfish do before it can increase in size ? 

3. Is the body segmented ? 

4. How many regions can you distinguish in the body? 

5. Note, — The anterior region is called the Cephalo-thorax : 

the posterior region, the Abdomen. 

a. Compare the cephalo-thorax with the abdomen in 
length, thickness and structure. 

6. How many segments do you find in the abdomen ? 

7. Compare, in the third abdominal segment, the dorsal 
with the ventral surface. (Do the surfaces have 
the same consistency?) 

8. In what directions are the segments movable and what 

peculiar structure prevents movement in . any 
other directions? 

9. Note.— ^The appendages attached to the abdomen are the 

Pleopods or swimmerets. 

a. How many pleopods are attached to a segment ? 

10. Note, — Each pleopod consists of three pieces: an attached 

portion or Basipodite^ and two branches, an outer or 
ExopoDiTE and an inner or Endopodite. 

11. How do the UropodS, the appendages on the segment 

next to the last, differ from the other append- 
ages ? 

12. Compare the last segment or Telson with the other 

segments of the abdomen. 

13. Note. — The telsofi and the uropods together make up the 

Caudal Fin. 



122 > ZOOLOGICAL STUDIES. 

14. Are all the abdominal appendages built on the same 

general plan, viz., a basal piece and two branches ? 

15. Note. — Parts having a common origin or built on the same 

general plan, no matter what their use, are said to be 
Homologous. 

16. Note. — In the male, the first two pairs of pleopods arc 

long, while in the female they are rudimentary (very 
small). 

o. Compare a male with a female in breadth of ab- 
domen. 

17. Note, — The cephalo- thorax is covered by the Carapace, 

which is divided by a groove into a head and a thoracic 
part 

a. Determine the relative size of the two parts. 

18. Note. — The pointed projection of the carapace in front, is 

called the Rostrum. 

a. Locate and describe the rostrum more exactly. 

19. How many pairs of appendages are attached to the 

thorax ? 

20. Note, — The legs of the first pair are called ChelipedSj 

(pincer legs). 

a. Compare the first leg with the second, and the 
second leg with the fifth. 

21. I? the carapace attached to the body near the legs? 

22. Note. — The space above the legs, between the carapace and 
the body, contains the Gills or breathing organs and 
is called the Gill Chamber. 

a. How could water get to the gills ? 

b. Tell the advantages of having the gills so placed ? 

23. N<ite. — In front of the legs are three pairs of foot- jaws or 
Maxillipeds; then two pairs of thin Maxilla and 
one pair of short, hard Mandibles. 



1 
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a. Do the mandibles bear palps ? 

b. Locate the mouth. 

24. a. Locate the antennae with reference to the rostrum. 
b. Describe the exopodite and endopodite in the an- 
tennae. 

25. Note. — The whitish, perforated cone on the base of the 

antenna, marks the opening of the Green Gland or 
Kidney. 

a. How many kidneys are there? 

26. Compare the Antennul^ (' small feelers ') with the 

antennae in size, structure, shape and position. 
2y. a. Locate the eyes with reference to the rostrum. 

b. To what extent are the eyes movable and how is 

this movement made possible? 

28. Compare the eyes of the crayfish with those of the 

grasshopper in size, position and range of vision. 

29. In a specimen with the carapace cut away above the 

gills, describe the extent of the gill cavity. 

30. Note. — The feather-like structures are the Gills. 

a. Describe a gill more accurately in form and struc- 

ture. 

b. How many gills do you find on one side? 

c. How many gills are attached to the legs? 

d. Are any gills attached to the body ? 

e. Are the gills external or internal structures. Give 

reasons. 

31. Do the thoracic appendages have exopodite and endo- 

podite ? 

Drawings, — I. Entire animal from the left side 
(XI). 
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Label. — Cephalo-thorax, abdomen, groove, antenna, 
antennule, eye, rostrum, cheliped, legs, telson, 
uropod. 

II. Ventral views of caudal fin, first and 
second abdominal appendages and 
second and fourth thoracic append- 
ages (X i). ' 

Activities. 

Materials, — Deep, oblong dishes of fresh water; liv- 
ing crayfish; pipettes; vials of carmine ground in 
water; beef juice, dilute acetic acid. 

32. What is the color of the living animal? 

I. Locomotion. 

Direction.^ — Let the animal walk on the table. 

33. a. Which appendages are used in walking? 
&. Are the chelipeds of aid in walking? 

c. Does the animal drag any part of the body in 
walking? If so, name such parts. 

Direction. — Let the animal walk in a dish of water. 

34. a. Does the animal drag any part of the body now? 
&. Explain the different ways of carrying the body in 

the water and on the table. 

35. a. Study the movement of each pair of legs. Do the 

legs of the fifth pair move forward together or 
alternately ? Answer the same question for each 
of the other pairs. 
b. Which legs move forward at the same time on the 
right side of the body? 
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Direction. — Place the animal on its back in the water. 

36. By what means is the normal position regained? 

37. What methods of locomotion does the crayfish use? 

II. Breathing. 

Direction. — Leave the animal on the table for about 
a minute; then place it quickly under water, 
noting what happens. 

38. At what point do the bubbles appear? 

Direction. — Hold the animal ventral side up while 
some carmine is poured under the carapace. Put 
the animal under water, and note where the car- 
mine reappears. 

39. Where does the carmine reappear and in what direc- 

tion does it flow? 

40. Make a diagram showing the course of water over the 

gills. 

41. Note. — The water is drawn over the gills by the movement 

of little 'bailers' attached to the mouth parts. 

III. Senses. 

Direction. — Touch the following surfaces lightly 
with a pencil : antennae, antennulae, eye, carapace, 
dorsal surface of the abdomen. 

42. What result do you get in each case? 

43. a. How are the antennae carried by the animal when 

at rest? 
&. How does the animal carry the antennae in walking 

on the table? 
€• What do you infer as to the use of the antennae? 
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44. Does the crayfish, while walking in the water, avoid 

objects before touching them? 

Direction. — Hold your hand between the crayfish and 
the light. 

45. What does the crayfish do? 

Direction, — Darken half of the tray and test whether 
a crayfish appears able to distinguish light from 
darkness. 

46. a. Leave the crayfish in the light half of the tray for 

three minutes. What is the result? 
&. Put the crayfish in the dark end of the tray for 

three minutes. What is the result? 
c. Which does the animal seem to prefer, -light or 

darkness ? 

Direction, — Hold the animal ventral side up and 
allow a drop of beef juice to fall upon the mouth 
parts. 

47. What does the crayfish do? 

Direction. - — After a short time drop some very dilute 
acetic acid on the mouth parts. 

48. How do the results compare with those observed in 

using beef juice? 

49. Can a crayfish distinguish 'good' /and * bad-tasting ' 

substances? 
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Comparisons between Crayfish and Grasshopper. 

1. Where is the skeleton located? 

2. Is the body segmented ? 

3. How many appendages are there on each segment? 

4. Name the regions of the body. 

5. How many pairs of antennae are there ? 

6. How many compound eyes ? 

7. Are the eyes fixed or movable? 

8. How many simple eyes ? 

9. In what direction do the jaws work? 

10. Do the mandibles bear palps? 

11. Are there appendages on the abdomen? 

12. Are the legs jointed or all in one piece? 

13. What kind of breathing organs are there? 

14. Are the appendages single or forked at the end ? 

15. Is the body bilaterally symmetrical? 
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SOW-BUG. 
Materials. — Alcoholic specimens of Oniscus spu 

1. a. What is the shape of the body? 

b. What shape would be shown by a slice taken across 
the body? 

2. Is the sow-bug a segmented animal ? Why ? 

3. a. What regions can you find in the body ? 

b. What fraction of the whole body is comprised in 
each region? 

4. Describe the skeleton in location and consistency. 

5. Is the head movable? If so, in what directions? 

6. Describe the eyes in number, size and location. 

7. Describe the antennae as to number, size and shape. 

8. a. How many segments are there in the thorax? 

b. Compare the anterior segments with the posterior 

as to size and shape. 

c. How many segments of the thorax carry append- 

ages? 

d. How many appendages are there to a segment? 

9. Describe the legs in size, shape, structure and place of 

attachment to the body. 

10. Compare the anterior with the posterior legs in shape 

and size. 

11. Note. — In the female, the thorax bears overlapping plates 

attached to the bases of the legs. A Brood-pouch for 
carrying the eggs is thus provided. 

a. What advantages are gained through carrying the 
eggs around till the young are hatched ? 

12. Note. — On the ventral side of the abdomen are flat plates 

covering the gills or breathing organs. 
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a. What is the advantage of having the gills placed as 
they are? 
13. Is the sow-bug bilaterally symmetrical? Why? 

Drawing, — Entire animal, left lateral view (X 5)« 

Label. — Head, antennae, eyes, thorax, legs. 
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Comparisons between Crayfish and Sow-bug. 

1. Is the body bilaterally symmetrical? 

2. Where is the skeleton located? 

3. Is the body segmented ? 

4. Do the segments differ markedly from each other? 

5. How many regions can you distinguish in the body? 

6. Are the eyes stalked ? 

7. Are the legs all alike in size and shape? 

8. Name the smallest region in the body. 

9. Does the abdomen bear appendages? 
10. Where are the gills located? 



ANNULATA. 

EARTHWORM. 

Materials. — Live specimens of Lumbricus sp. ; shallow 
trays; rulers. 

1. What is the general shape of the body? 

2. a. What is the color of the worm? 

b. Is the entire body colored the same? 

c. What advantage is the color to the worm? 

3. a. Is the body segmented? 

b. Compare the segments of the anterior end with 
those of the posterior end in size and shape. 

4. Compare the anterior and posterior ends of the worm 

in size, shape, activity and sensitiveness to touch. 

5. Can you easily distinguish 'regions in the body? 

6. a. Measure with a ruler a worm when contracted 

(drawn together). How long is it? 

b. Measure the same worm when extended (stretched 

out). How long is it? 

c. How do you account for the difference in length ? 

7. Do the large worms have the same number of seg- 

ments as the small ones? (Count and see.) 

8. Note. — The broad, light-colored band about the worm is 

called the Girdle. It forms a case for the eggs when 
they are laid. 

a. Near which end of the animal is the girdle? 
6. How many segments are included in the girdle? 
131 
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9. Note, — The body is provided with several rows of tiny 
bristles, the SEXiE, which aid in locomotion. 

a. On which surface of the body are the setae located? 

b. How many rows of setae do you find ? 

c. How many setae to a segment? 

la Note. — The Food Tube or Gut is a nearly straight tube 
extending the entire length of the body. 

a. Describe the mouth in shape and position. 
b: Are hard jaws present? 

II. a. Describe the dorsal blood tube in color and position. 

b. Is there a similar tube visible elsewhere in the 

body? If so, describe its position. 

14. a. Describe briefly by what means the worm seems to 

move. 
&. Does the same end always go forward ? 

c. Of what use is the slimy material on the surface of 

the body? 

15. Direction. — Cover half the dish, leaving the worm in 

the light half for five minutes, 
a. What does the worm do? 
6. State your conclusions regarding the response of 

the worm to light and to darkness. 

16. Is the worm a bilaterally symmetrical animal? Give 

all your reasons. 

Drawing, — Five segments, showing the number and 
arrangement of the bristles (X 5). 
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SAND WORM. 

^Materials — Living specimens of Nereis sp.; shallow 
trays; sea water. Specimens preserved in 4 per cent 
chromic acid. 

Anatomy. 

1. a. Describe the shape and general appearance of the 

worm. 
b. What would be the shape of a cross-section of the 
body? 

2. a. Into how many segments is the body divided ? 

b. Do the long and the short worms have the same 

number of segments ? 

c. How do the various segments compare with each 

other in size and shape? 

3. a. Name the regions of the body. 

b. How much relative space is devoted to each region? 

c. How can you distinguish the dorsal from the ven- 

tral surface? 

4. Note. — The fleshy appendages at the side of the body are 

called Parapodia ('side- feet'). 

o. How many parapodia do you find to a segment? 
6. Does every segment bear parapodia? 

5. Ncte. — A parapodium bears bristles (Set-e) as well as a 

flat triangular piece, the Gill. 

a. Describe the general shape of a parapodium. 

b. Describe the position of the gill and the setae 

respectively. 

c. Compare the earthworm and sand worm as to the 

number of bristles on a segment. 
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6. Note. — The head is made up of two regions : a part in front 

of the mouth (Prostomium), and a part surrounding 
the mouth (Peristo^ium). 

a. Describe the shape of the prostomium as seen from 

the dorsal side. 

b. Describe the shape of the peristomium. 

c. Does either of the head segments bear parapodia? 

7. Note. — The short, thick appendages of the head are called 

Palps ; the long, thin appendages are called Tentacles. 

a. How many palps and how many tentacles do you 
find? 

8. Note. — The small black dots on the dorsal surface of the 

prostomium are the Eyes. 

a. How many eyes do you see ? 

9. a. Describe the position of the mouth. 

b. Where are the jaws when not visible? 

Drawing. — The first five segments of the body, dorsal 

view (X S)- 
Label. — Prostomium, peristomium, palps, tentacles, 

parapodia, setae, eyes. 

Activities. 

I. Locomotion. 

10. Note. — The motion of the sand worm may be described as 

writhing. 

a. When the animal is swimming rapidly, how many 

' bends ' do you find in the entire length of the 
body? 

b. How many * bends,' when the worm is swimming 

slowly ? 
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c. At which end of the body does the wave of writh- 
ing begin ? 

11. Can you determine how the parapodia are used when 

the worm is swimming? 

II. Circulation of the Blood. 

12. a. In which direction does the blood flow in the dor- 

sal blood tube? 
b. How can you tell it is flowing at all ? 

13. a. Fix your attention on one point of the tube and 

count the number of beats in one minute. 

b. Now count the number of beats per minute in your 

own pulse. 

c. Compare the frequency of your pulse with that 

of the sand worm. 

III. Senses. 

14. Direction. — Touch the following parts of the body 

lightly with your pencil and note results : ( i ) the 
anterior end; (2) the posterior end; (3) one of 
the parapodia. 
a. Which is the most sensitive region of the body? 

15. Direction, — Darken one half of your tray. Put the 

worm in the light end of the tray and leave it 
for three minutes, 
a. What result do you obtain ? 

16. Direction. — Put the worm in the dark end of the 

tray for three minutes. 
a. What is the result? 

17. State briefly your conclusions regarding the response 

of the worm to light and to darkness. 
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Comparisons between Earthworm and Sand Worm. 

1. Is the body bilaterally symmetrical? 

2. Is the body segmented? 

3. How many regions in the body? 

4. Do you find appendages? 

5. In which worm are the bristles (setae) more numer- 

ous? 

6. Are eyes visible? 

7. Are appendages found on the anterior end of the 

body? 

8. Are jaws present? 

9. Which is the 'higher' animal? Why? 
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Comparisons between Worm, Crayfish and 
Grasshopper. 

1. Is the body bilaterally symmetrical? 

2. Is the body segmented? 

3. Are the segments all alike? 

4. Name the regions of the body. 

5. Are appendages present on each region? 

6. How many appendages to a segment ? 

7. Is there a skeleton? If so, where is it located? 

8. Is there a distinct head? 

9. What appendages are found on the head? 

10. Are jaws present? 

11. Are the walking appendages similar in size and shape? 

12. What kind of breathing organs do you find and where 

are they located? 

13. Are any of the appendages homologous in the dif- 

ferent animals? 

14. What appendages are analogous (similar merely in 

function) ? 



MOLLUSCA. 

HARD-SHELLED CLAM. 

Materials. — Unopened specimens of Venus merce- 
naria; empty shells; single valves; clams 'on the 
half shell/ preserved in 5 per cent formol. 

I. External Surface of the Shell. 

1. Note. — The body is covered completely by a limy shell, 

consisting of right and left halves or Valves. Such 
a shell is a Bivalve. 

a. Describe the outline of the shell as seen from the 

side. 

b. What is the outline as seen from the end? 

c. Do the valves differ in size and shape? 

2. Note. — The valves are joined on the dorsal side by the 

Hinge Ligament. 

a. Compare the dorsal side of the clam with the ven- 

tral side in thickness. 

b. On which side do the valves open? 

c. Describe the hinge ligament in texture, size and 

color. 

S. Note. — The beak-like prominences or Umbones (sing., 
umbo) point toward the anterior end of the shell. 

a. Compare the anterior with the posterior end in out- 
line. 

158 
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b. How would you hold the shell to determine the 
right and the left valve? 

4. Note, — The ridges regularly arranged on either valve are 

called the Lines of Growth. 

a. How are the lines of growth arranged with refer- 

ence to the edge of the shell? 

b. How are they arranged with reference to the um- 

bones ? 

c. What part do you consider to be the oldest region 

of the shell, and why? 

n. Internal Surface of the Shell. 

5. Compare the inner and outer surfaces as to color and 

smoothness. 

6. Note. — Near the dorsal edge of the shell are found irregu- 

lar projections called the Hinge Teeth. 

a. How many hinge teeth are found on each valve? 

b. Close the valves and tell what relation the hinge 

teeth bear to each other. 

c. What are the advantages of the hinge teeth ? 

7. a. Is the hinge ligament attached to the outside or to 

the inside of the valve? 
b. Why are the shells of dead bivalves always gaping ? 

8. Note. — Near the anterior end of the shell is found a Scar 

marking the attachment of an Adductor Muscle. 

a. Is there a posterior adductor muscle scar also ? 

9. Note. — The line joining the muscle scars is called the 

Mantle Line, because it marks the attachment of the 
mantle to the shell. 

a. Is the mantle line a uniform curve? 
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Drawings. — I. External lateral view of a single valve 

(XI). 
Label. — Umbo; lines of growth; hinge ligament; 
dorsal, ventral, anterior and posterior edges. 

II. Internal lateral view of a single valve 
(XI). 
Label. — Hinge teeth ; hinge ligament ; muscle scars ; 
mantle line; dorsal, ventral, anterior and pos- 
terior edges. 

III. Body in the Shell. 

10. Note. — The thin membrane concealing the body is a lobe 

of the Mantle. 

a. Do you find a similar lobe on the opposite side of 

the body? 

b. Where is the mantle attached to the shell and where 

unattached or free? 

c. Is the mantle of equal thickness in every part ? 

11. o. Describe the adductor muscles in appearance and 

consistency. 
b. By what means are the valves separated and by 
what means brought together? 

12. Note. — At the posterior edge of the mantle are situated dark 

colored tubes or Siphons. 

a. How many siphons are there? 

6. How are they located with reference to each other ? 

13. Note. — The space between the right and left lobes of the 

mantle is the Mantle Cavity which contains the body 
proper or Visceral Mass. 

a. What is the consistency of the visceral mass? 

b. Is the visceral mass segmented? 

c. Do you find distinct regions in it? 
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14. Note, — The flat, plate-like structures between the visceral 

mass and the mantle are the Gills. 

a. Describe a gill in form and structure. 

b. How many gills do you find on one side? 

c. Is the number the same on either side? 

rf. Which is the larger, the inner or the outer gill? 

15. Note, — The fleshy outgrowth on the ventral side of the 

visceral mass is the locomotor organ or Foot. 

a. Describe the foot in size, color and consistency. 

16. Note. — Surrounding the mouth is found a number of fleshy 

flaps, the Palps. 

a. How many palps are there? 

Drawing, — The body in the shell, mantle removed 
from one side ( X i ) . 

Label, — Adductor muscles, gills, visceral mass, foot, 
palps, edge of mantle. 



DEMONSTRATION OF HEART-BEAT IN CLAM 
OR FRESH WATER MUSSEL. 

Material, — A freshly opened specimen. 

1. The heart, surrounded by a delicate pericardium, can 

be seen beating on the dorsal side of the clam, 

just below the hinge ligament. 
a How many pulsations do you find to the minute? 

Is the rate regular? 
6. Compare with your own heart in these respects. 

2. in an opened dead specimen, find the thin-walled peri- 

cardium, the single ventricle (encircling the in- 
testine I) and the two lateral auricles. 
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FRESH WATER MUSSEL. 

Materials. — Live mussels studied in small battery jars, 
containing about 3 inches of clean sand with an inch 
of water over it. The exercise will be more success- 
ful if the mussels are allowed to remain in the jars 
for at least 12 hours before the exercise begins. 

1. Compare the shell with that of the saltwater clam. 

Notice the hornlike epiostracum. In which 
part of the shell is it most noticeable and why? 

2. a. What is the normal position of the mussels? 

b. Do they ever move ? How do you know ? 

3. Describe the position and appearance of the siphons in 

a resting mussel. 

4. a. Drop a little powdered carmine into the water over 

the siphons. What happens? 
6. How can you distinguish between in- and ex-cur- 
rent siphons? 

c. What kind of food could a mussel eat, and how 

would the food get to the mouth ? 

5. a. Touch a siphon very lightly. What happens? 
b. Jar the aquarium ! What does the mussel do ? 

6. The fleshy foot may be demonstrated by quickly taking 

a mussel up out of the sand. 
Ob What can you say of the shape and size of the 
foot? 
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UNIVALVE SHELL. 

Materials. — Shells of Fulgur sp. and Polynkes sp. 

1. What is the outline of the shell as seen from the side, 

with the opening or Aperture turned toward 
you? 

2. Describe the shell's outline as seen from the pointed 

end or Apex. 

3. a. Describe the shape of the aperture. 

b. What is the character of the aperture's outer lip? 
Is it entire, scalloped, wavy or jagged? 

4. Note. — In some shells the aperture is drawn out at the 

base into a long grooved projection, the Posterior 
Canal, which lodges the siphons. 

a. Describe the posterior canal, if your specimen 
shows one. 

5. Note. — The shell consists of a central axis or Columella 

about which run the spiral turns or whorls. 

a. How many complete turns are there from aperture 

to apex ? 

b. Do the turns run in a right-handed manner, like the 

hands of a watch, or in a left-handed direction? 

6. Note. — When the columella is hollow, it has at its base 
an opening called the Umbilicus. 

a. Describe the umbilicus, if your specimen shows one. 

7. Note. — The lowest turn of the shell contains the animal's 

body and is hence called the Body Whorl, the rest of 
the shell being the Spire. 

a. Compare the body whorf with the spire in size. 

8. Note. — The boundary line between two adjacent turns is 

the Suture. 
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a. Describe the suture. Is it depressed or elevated? 
9. Which is the oldest part of the shell? How do you 
know? 

10. Judging from the shape of the shell, would you expect 

a univalve moUusk to be symmetrical? Give 
your reasons. 

11. Describe the direction and shape of the lines of 

growth. 

Drawing, — Lateral view of the shell with the aper- 
ture turned toward you (X i). 

Label. — ^Apex, spire, aperture, suture, outer lip, body 
whorl, posterior canal, lines of growth. 
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SNAIL. 

Material. — Helix pomatia or any native species; shal- 
low dishes or a vivarium; glass plates. (Soak Helix 
to remove the epiphragm!) 

1. a. Describe the shell in shape and color. 
h. Why is such a shell called a univalve ? 

2. Note. — The organ of locomotion is called the foot 

a. Describe the foot as to consistency. 

b. Measure the foot when extended and when con- 

tracted. How much difference do you find? 

c. Describe the process of locomotion. (Watch the 

snail as it moves on a glass plate!) 

d. How might a snail protect itself from enemies? 

3. Note. — ^The mouth is located near the anterior end of the foot, 

and is provided with a ribbon-like tongue covered with 
tiny teeth. (The tongue is not visible in a living speci- 
men.) 

a. Describe any movements made by the mouth in 
feeding. (Watch the pond snails on the sides 
of the aquarium!) 

4. Note. — One pair of horns found at the anterior end of the snail 

bears the eyes, those of the other pair are the tentacles. 

a. Locate the tentacles and eyes more exactly. 
6. Describe any movements of the eyes or tentacles. 
How are the latter retracted? 

c. Do you find a definite head ? 

d. What part of the animal is most sensitive to touch ? 

e. Can a snail distinguish between light and darkness ? 

(Experiment or demonstration.) 

5. Note,—S>omt snails breathe by means of saclike lungs, others 

by means of gills. 
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a. Can you determine which method this animal uses? 
How would you do this? 

Drawing.' — Snail in natural position (Xi). 

Label. — Shell, head, tentacles, eyes, foot. 

Comparisons between Grasshopper, Earthworm or 
Sand Worm, and Clam. 

1. Where is the skeleton located? 

2. Is the animal bilaterally symmetrical? 

3. Is the animal segmented ? 

4. Can regions be distinguished in the body ? If so, how 

many ? 

5. Is there a distinct head? 

6. Are appendages present on the head? If so, how 

many? 

7. How many apperdages are found on the trunk? 

8. What locomotor organs do you find? 

9. To what region of the body are they attached ? 

10. What breathing organs are present? 

11. What distinct sense organs do you -find? 
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STARFISH. 

Materials. — Either dry or wet specimens of Asterias 
vulgaris, preserved in 5 per cent formol. 

1. a. Describe the shape and general appearance of the 

starfish. 
b. Is the shape the same in every specimen? 

2. Describe the skeleton in location and consistency. 

3. Note. — The central part of the body is called the Disc; the 

radiating arms are the Rays. 

a. Describe the shape of the disc. 

b. How many rays are there in your specimen? 

c. Are the rays all alike in size and shape? 

d. Is the number the same in every specimen? 

4. Note, — A body which has its parts arranged about a com^ 

mon centre is said to show Radial Symmetry. 

a. What kind of symmetry do you find in the starfish ? 
Give reasons for your answer. 

5. Note. — The side upon which the mouth is found is the 

Oral surface; the opposite surface is the Aboral. 

a. Describe the position of the mouth. 

&. What structures do you find about the mouth? 

6. N^te. — The small wart-like prominence on the aboral sur- 

face is the Madreporite. 

a. Locate the madreporite more exactly. 
147 
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b. Describe the madreporite in outline, color and 
structure. 

7. Note. — The two rays lying one on either side of the madre- 

porite are the Bivium; the remaining rays are the 
Trivium. The middle ray of the trivium is called the 
Anterior ray. 

a. Can you pass a plane through the madreporite so 
as to divide the body into two corresponding 
parts? How would such a plane pass? 

6. Could you consider a starfish as bilaterally sym- 
metrical as well as radially symmetrical? 

8. Describe the structure and distribution of the hard 

Spines on the aboral surface. 

9. Note, — Near the base of the spines are short projections, the 

PEDiCELLARiG. Between the spines lie soft, hollow pro- 
jections of the skin, the Respiratory C^eca (not visible 
in dry specimens). 

ID. Compare the spines on the oral surface with those on 
the aboral side. Do you find any definite ar- 
rangement? If so, where? 

11. Note, — ^The depression running along the oral side of a ray 

is called the Ambulacral Groove. 

a. Describe the connection between the mouth area 

and the grooves. 

b. Compare the inner end of a groove with its outer 

end as to width and depth. 

12. Note. — In the grooves lie rod-like structures, the Tube Feet, 

which aid in locomotion. 

a. Describe the shape of a tube foot. 

b. What can you say of the number and arrangement 

of the tube feet? 

13. Note. — Near the outer end of each groove is found an Eye 

Spot, 
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a. Describe the eyes in position and color. 
Drawings. — I. Aboral surface (XM)* 

Label. — Disc, anterior ray, bivium, trivium, spines, 
madreporite. 

II. Oral surface (X M)- 
Label. — Grooves, tube feet, mouth, spines. 
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Comparisons between Grasshopper, Earthworm, 
Clam and Starfish. 

1. Is the body segmented? 

2. What is the general shape of the animal ? 

3. What kind of symmetry does the body show ? 

4. Name the regions of the body. 

5. Where is the skeleton located? 

6. What kind of locomotor organs are there? 

7. What breathing organs are found? 

8. What sense organs do you see? 



COELENTERATA. 

THE HYDRA. 

Materials. — ^Living Hydras in school-room aquarium; 
single specimens given out in Syracuse watch glasses ; 
lenses. 

. Look for Hydras in aquarium. Where are they most 

frequently found? 
. a. Expose a dish or aquarium containing Hydras to 

sunlight for several hours, leaving part of the 

dish covered. Where do you then find most of 

the Hydras? 
b. Try to find out how a Hydra moves. 
. What do Hydras eat, and how do they appear to get 

their food? (Dem. Feed with entomostraca.) 

In Watch Glass. 

. a. What shape has the Hydra when undisturbed? 

b. Touch it lightly. Describe what takes place. 

c. What is the difference in size between a Hydra 

when expanded and when contracted? 

Note. — ^The body of the Hydra is hollow; there is but one 
opening (the mouth), at the free end of the body, 
leading into the interior. 

a. Describe the position of the little projections (Ten- 
tacles) with reference to the mouth. 
&• How many tentacles do you find? 
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c. (Dem.). Describe the movements of the tentacles 
when the animal feeds. 

6. Look for small Hydras (distinguished by tiny tenta- 

cles) budding from the body of the adults. 

7. Note. — ^Hydras also reproduce by means of eggs and sperms. 

Ovaries and spermaries are sometimes foimd project- 
ing, as little lumps, from the side of the body, the 
ovary being located nearer the base of the body. 

OL Describe an ovary and a spermary, if you find them. 

Drawings. — I. A Hydra extended (Xio). 

II. The same animal contracted (Xio). 

Label. — ^Attached end, body, mouth, tentades (buds 
and sex organs if present). 
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SEA ANEMONE. 

Materials. — Specimens of Metridiiim sp. preserved in 
formol. Entire animals, longitudinal sections and 
cross-sections. 

1. Describe the body in shape and consistency. 

2. Note — The animal during life is usually fixed by its broad 

Base to a rock or other support. 

a. Describe the base more exactly. 

3. a. Describe the location and shape of the Mouth. 

h. What structures do you find surrounding the 
mouth ? 

c. Are these organs all of the same size? 

d. Where do you find the largest of these organs? 

{Cross-section.) 

4. What is the shape of the cross-section? 

5. What kind of symmetry do you find ? 

6. Describe the position and shape of the food tube 

or Gullet. 

7. Note. — The fleshy partitions connecting the gullet with the 

body wall are called the primary Mesenteries. 

a. How many complete or primary mesenteries are 

there? 
&. Are there any mesenteries which do not reach the 

gullet? If so, how many? 
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c. Are the primary mesenteries single or double struc- 
tures ? 

8. Note. — The chambers surrounding the gullet and communi- 

cating with it below, are the Ccelomic or Inter- me- 
senteric Chambers. 

(Longitudinal Section,) 

9. How does the gullet compare in length with the whole 

body? 

10. Does the gullet have more than one large opening on 

the surface of the body ? 

11. Describe the course which liquids would take in pass- 

ing from the mouth to the interior of the hollov/ 

tentacles. 
Drawings. — LA longitudinal section ( X i ) . 
Label. — Mouth, tentacles, base, oral end. 

II. A cross-section (X i). 
Label. — Body wall, gullet, mesenteries, ccelomic 

chambers. 
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HYDROID. 

Materials. — Small vials, each containing a piece of 
a colony of Pennaria sp. in 5 per cent formol. 

1. Note. — When several individuals are more or less closely 

associated, the whole group is called a Colony. 

a. Describe the general appearance of a hydroid 

colony. 

b. What is the color of the main stalk ? 

c. Is the branching of the stalk opposite or alternate ? 

2. a. Where are the individual animals or Polyps situ- 

ated? 
b. Are the polyps of the same color as the stalk? 

3. Note. — The fine thread-like structures stretching out from 

a polyp are called Tentacles. 

a. Do all the individuals bear tentacles? 

4. Note. — The smooth globular structures are Reproductive 

Individuals. 

5. What are the advantages to an individual of living 

in a colony? 

Drawing. — Side view (X 5)» 

Label. — Stalk, lateral branches, polyps, tentacles, 
( reproductive individuals ) . 
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MEDUSA. 

Materials. — Small vials containing specimens of Goni- 
onema sp. in 5 per cent formol. 

1. Describe the shape and general appearance of the 

body. 

2. What kind of symmetry do you find? 

3. Note. — The outer, rounded part of the body is called the 

Bell or Umbrella, which has attached to its edge the 
Tentacles. 

a. Describe the tentacles in size and shape. 

b. How many tentacles do you find in your specimen? 

c. Is the number the same in every specimen ? 

4. Note. — The open side of the bell is partially closed by a 

perforated plate, the Velum. 

a. Describe the shape of the opening in the velum. 
&. How large an area is occupied by the opening and 
the velum, respectively? 

5. Note. — The central stalk inside the bell is the handle or 

Manubrium, which bears the Mouth. 

a. Describe the location of the mouth more exactly, 
fc. Describe the shape and color of the manubrium. 1 

6. Note. — The opaque structures seen through the bell are 

the Gonads or reproductive organs. 

a. Describe the gonads in number, shape and arrange- 
ment. 

7. What advantage is the transparency of its body to the 

animal ? 
8. Note, — ^The medusa is a free-swimming animal which repro- 
duces Sexually (by eggs) : in general a medusa 
arises in a hydroid colony as a bud which later becomes 
separated. A hydroid colony in general multiplies 
AsEXUALLY (by buds). The continued alternation. 
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in an Janimal's life-history, of a sexual form with an 
asexual form, is known as alternation of generations. 

a. Make a diagram illustrating the life history of a 
hydroid and medusa. 

Drawings. — I. Side view (X4). 

Label — ^Umbrella, tentacles, gonads, manubrium. 
11. A view from the flat side (X4)» 

Label — ^Velum, manubrium, mouth, gonads, ten- 
tacles. 

CORAL. 

Materials. — Small pieces of staghorn coral, clam shell, 
dried starfish; some limy sponges and powdered 
chalk; hydrochloric acid. Lenses. 

1. Describe the color and consistency of the given piece 

of coral. 

2. (Demonstration.) Test with acid, pieces of chalk, 

starfish, sponge, clam shell and coral. What 
happens in each case? 

3. Note. — Substances which act in the same way under the 

same circumstancies, are considered to have the same 
chemical composition. Chalk consists of a substance 
called Calcium Carbonate (related to lime). 

a. Of what substance is coral made? Give reasons 
for your answer. 

4. Describe the shape of the large mass of coral shown 

to you. 

5. Is the main stalk solid? 

6. Note. — Coral is formed by a colony of polyps, the several 

polyps being connected by stalks of living matter. 

a. What proof have you that polyps once lived in the 
coral ? 
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b. About how many polyps lived in the mass you arc 
studying? 

7. Note. — The wall of the cuplike cavity within which a single 

polyp lived is called the Theca. 

a. What structures do you find within the theca? 

b. How many of these structures are there ? 

c. How are they arranged ? 

d. To what parts in the sea anemone do these struc- 
tures appear to correspond? 

8. What peculiar method of reproduction makes possible 

coral formation on a large scale? 

Drczvings, — LA general view (X i ) . 

II. A single theca, side view (X 10). 
III. A single theca, viewed from above 
(X 10). 
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LIMY SPONGE. 

Materials, — Small vials, each containing an entire 
specimen of Grantia sp., a cross-section and a longi- 
tudinal section, in 5 per cent formol or 70 per cent 
alcohol; prepared slides of spicules; microscopes. 

1. a. What is the shape of the body? 

b. Is the specimen perfectly regular in shape? 

2. Do you find any evidence of budding in the sponge ? 

If so, from what part of the parent sponge do 
the buds grow ? 

3. Note, — The sponge is attached by one end to a rock or other 

object, while the free end bears the excurrent opening 
or OscuLUM. 

a. How many oscula are there in your specimen? 

4. Note, — The soft parts of the sponge have imbedded within 

them little limy pieces or Spicules. 

a. Describe the appearance of the spicules about the 

osculum. 

b. Of what use are the spicules to the sponge? 

c. Describe the appearance of the spicules as seen 
under the microscope. (Dem.) 

In Cut Sections of the Sponge. 
5. NoUj^Tht cavity in the sponge is called the Cloaca. 
4k How far does the cloaca extend into the body? 
159 



l6o ZOOLOGICAL STUDIES, 

b. What is the shape of the cloaca in cross and in 
longitudinal section? 

6. Note. — Water passes almost continually, through tiny holes 
or Pores in the side of the body, into the cloaca and 
out through the osculum. 

a. Make a diagram showing the course of water 

through the body of the sponge. 

b. What is the use to the sponge of this current of 

water ? 

Drawings, — I. and II. Longitudinal and cross-sec- 
tions (X4). 

Label. — Osculum, body wall, cloaca, spicules. 

HI. A few spicules as seen under the 
compound microscope. 
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BATH SPONGE. 

Materials. — Small bJith sponges ; slides of fibers teased 
out and stained with acid fuchsin. 

1. Describe the consistency of the dried sponge. 

2. What effect does water have upon the sponge? 

3. Do you find any oscula? If so, how many? 

4. Find and describe the little openings or pores. 

5. Note. — The framework of the bath sponge consists of a mass 

of horny fibers. 

a. Describe the fibers in color and texture. 

b. Describe a piece of fiber as seen under the com- 

pound microscope. 

c. Are the fibers connected, or separate from each 

other? 

d. Of what use are the fibers to a sponge? 

e. Compare the fibers of the bath sponge with the 

spicules of the limy sponge. 

Drawing. — A bit of horny fiber as seen under the 
compound microscope. 
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Comparisons between Medusa, Hydroid, Anemone 
AND Sponge. 

1. Is the animal free-moving or fixed? 

2. Do the animals live singly or in colonies? 

3. What kind of symmetry do you find? 

4. What general shape does the animal show? 

5. How many openings do you find in the body? 

6. a. What organs are used for grasping food? 

b. What can you say of the number of such organs? 

7. What organs of locomotion do you find, if any? 

Comparisons between Grasshopper, Sand Worm, 
Clam, Starfish and Medusa or Anemone. 

1. What kind of symmetry do you find? 

2. Is the body made up of segments? 

3. Does the body show distinct regions? 

4. a. How many regions are there in the body? 
b. What are the names of the regions? 

5. Does the body bear appendages? 

6. Name the appendages of each region? 

7. What kind of a skeleton is there? 

8. What locomotor organs do you find? 

9. What sense organs are present? 

10. What food-taking organs are there? 



PROTOZOA. 

SLIPPER ANIMALCULE. 

Materials. — Hay infusion containing Paramoecium sp.; 
slides and cover glasses; compound microscopes; 
Leuckart chart, or living specimens stained with 
methylen blue. 

Direction. — Let half the class work with the micro- 
scopes while the other students use the chart. 

I. Work with the Microscope. 

1. Are all the animals of the same size and shape? 

2. What is the color of the body? 

3. Describe in a general way the speed with which the 

animals move. 

4. Is the rate of speed always the same? 

5. By what means do the animals move? 

6. What change of form, if any, does the body undergo 

in passing through narrow places? 

7. Does the animal always keep the same surface upper- 

most? 

8. Does it always move with the same end forward ? If 

so, which end ? 

IL Work from the Chart or Board or from Living 
Specimens Stained with Methylen Blue. 

!• Note. — ^The body of the Slipper Animalcule is made iip of a 
single mass of living matter or Protoplasm; such a 
mass of living matter is called a Cell. The bodies of 



l64 ZOOLOGICAL STUDIES. 

the animals thus far studied are composed of vast 
numbers of cells. 

2. a. Describe the outline of the body. 

b. What is the ratio of length to width? 

c. Compare the ends of the body in point of shape. 

3. Note. — The small, hair-like bodies covering the surface of 

the cell are called Cilia (sing, cilium). 

a. What can you say of the number of cilia? 

4. Is there any definite point at which food is taken into 

the body ? 

5. Note. — The large, clear area at either end is the Contractile 

Vacuole. These vacuoles apparently serve to expel 
waste from the body, 
a. How many contractile vacuoles do you find? 

6. Note. — The smaller bodies filled with granules, scattered 

about in the cell, are Food Vacuoles. 

a. What can you say of the number of food vacuoles ? 

7. Note. — A typical cell contains a small body called the 

Nucleus. 

a. Can you find a nucleus in the Slipper Animalcule? 
If so, describe its location and shape. 

Drawing. — Make a figure of the Slipper Animalcule, 
three inches in length. 

Label. — Cilia, contractile vacuoles, food vacuoles, 
nucleus, food opening (if one be shown). 
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VORTICELLA OR CARCHESIUM. 

Materials. — ^Vorticella sp. or Carchesium sp. ; powdered 
carmine; compound microscopes; slides and cover 
glasses. 

With the Low Power. 

I. Note, — ^The body of Vorticella, a single cell, is bell-shaped, the 
stalk being the handle. 

a. How IS the animal attached? 

b. Tap the slide ! What happens? Describe the shape 

of the contracted stalk. 
C. Does the body of the animal change form? If so, 

when? 
d. When unattached, how does the animal appear to 

move? 

With High Power, 

a. Note.'^ThsLt .part of the body furthest from the stalk is called 
the Disk, which is surrounded by the Peristome. 

o. Locate the peristome more exactly. 
b. With what is it covered? 

3. Look for a groove between the peristome and disk ; it 

contains the mouth. 

a. How could food get to the mouth? 

b. Describe the course of the carmine (furnished by 

the teacher). What seems to cause the car- 
mine grains to enter the mouth? 

4. With the aid of the carmine, you can make out the 

Food Vacuoles. Where are they located? Do 
they move about? 
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5. Note, — The Contractile Vacuole, located in the body propei^ 

acts as the organ of excretion. 

a. If you find it, notice how it contracts, and how 
many contractions take place in a given period 
of time. 

6. Note. — A nucleus is present but is difficult to find in the living 

animal. 

a. (Demonstration of stained material.) If you find 
the nucleus, describe it as to comparative size, 
shape and position. 

Drawing, — ^A Vorticella or group of Carchesium un- 
der the low power. 
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LIVING FISH. 

Materials. — Small glass jars containing 'goldfish.' 
(This exercise may be profitably used during an 
excursion to the Aquarium.) 

1. Describe the outline of the body as seen from the side. 

2. What is the shape of the body as seen from the 

anterior end? 

3. Note. — The body is covered with thin plates called Scales. 

a. How are the scales arranged with reference to 

each other? 

4. a. How many distinct regions does the body show ? 

b. Does the fish have a neck? 

5. a. What organs of locomotion do you find? 

b. How many of these organs are paired and how 

many unpaired or single? 

c. Do the paired fins show joints similar to those in 

the human arm or leg? 

6. Note. — The anterior pair of fins are called the Pectoral 

fins; the posterior pair are the Pelvic fins. 

a. With what structures in a dog or cat would you 
compare these fins? 

7. Note. — The unpaired fins are called Dorsal, Anal and 

Caudal, according to the region of the body on which 
they are placed. 

a. Describe each of these fins more fully in size, 
shape and position. 
167 
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8. a. What fins does the fish use in swimming forward ? 

b. What fins are employed in turning around? 

c. What fins are used by the fish in going backward, 

or in remaining in one place? 
rf. Which of the fins is most effective in locomotion, 
and why? 

9. a. Describe the position of the mouth. 

b. What is the shape of the open mouth as seen from 

the anterior end? 

c. What is the shape of the closed mouth when viewed 

as before? 
ID. a. Describe the number, position and arrangement 
of the nostrils (Nares) with reference to the 
mouth. 
b. How do the fish's nostrils compare with your own 
in the above respects? 

11. a. Describe the eyes in number and location. 

b. How do they compare in location with your own? 

c. Are the eyes of the fish movable? 

d. Compare the angle of vision in the fish with that 

in man. 

e. Are there eyelashes or eyelids in the fish? 
/. How are the fish's eyes protected? 

g. What are the advantages to a fish of having sense 
organs, like the eyes and the nostrils, placed near 
the mouth? 

12. Note. — The red Gills are located on either side of the head 

under the gill-cover or Operculum. 

a. Does the fish open and close its mouth when not 

feeding ? 

b. If so, where does the water escape that has been 

taken in at the mouth? 
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c. Over what organs would the water pass ? 

d. Describe the position of the opening through which 

the water passes, with reference to the oper- 
culum. 

Drawing. — A lateral view, four inches in length. 

Label — Head, trunk, scales, the dorsal, anal, caudal, 
pectoral and pelvic fins, nostril, eye, operculum. 
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FROG. 

Activities. 

Materials. — Live frogs in battery jars containing a 
little water. 

1. a. Is the frog all of one color? 

b. What is the advantage to the animal of its peculiar 

coloration ? 

c. Do you find outgrowths from the skin, such as 

scales or feathers? 

d. With what substance is the skin covered? 

2. What is the attitude of the frog when at rest? 

3. How does the animal move when on land ? 

4. a. To what extent are the eyes movable? 

b . What is the advantage to an animal of movable 

eyes? 
c. What is the use of the eyelids ? 

5. Note, — The motion of the skin under the mouth accom- 

panies the pumping of air into the lungs. 

a. Is the air taken in through the mouth? 

b. Through what openings does the air enter? 

c. How many breaths does the frog draw in a minute ? 
rf. Compare the rate of breathing just observed with 

your own. 
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External Characters. 

Materials. — Frogs killed with chloroform and pre- 
served in five per cent formol. Human skull. 

6. o. What is the shape of the body's outline in a dorsal 

view? 

b. In a lateral view ? 

7. What kind of symmetry do you find? 

8. Does the skin fit closely to the body? 

9. a. How many regions does the body show? 
6. Is there a distinct neck? 

c. Is there a distinct tail? 

ID. How can you distinguish the dorsal from the ventral 
surface ? 

11. How many appendages do you find? 

12. a. Compare the fore limb with the hind Umb in length. 
6. Compare, in the same way, the hind limb with the 

trunk. 

13. a. Compare the fore limb of the frog with your own : 

do you find upper Arm^ Forearm, Hand and 
Fingers? 
fc. How many fingers are there? 

14. a. Compare the frog's hind limb with your own : can 

you distinguish Thigh, Shank or Leg, Foot 
and Toes? 
b. How many toes has the frog? 

15. a. How is the hind limb of the frog adapted or fitted 

for the work it has to do? 
fe. In what way is the frog's foot adapted for use ir 
the water? 

16. What is, in general, the shape of the head? 

17. Describe the mouth in size and position. 
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i8. Tell the size and position of the Anterior Nares or 
nostrils. 

19. Describe the eyes with reference to their size, shape 

and position on the head. 

20. Note. — Behind the eye, on either side of the head, is a 

circular, depressed patch of skin, the ear-drum or 
Tympanic Membrane. 

a. Is the tympanic membrane easily visible from the 
outside in man? 

21. Note. — The space, visible when the mouth is open, is the 

Buccal Cavity. 

a. What can you say of the size of the buccal cavity ? 

b. In what plane do the jaws move? 
t. Are both jaws freely movable? 

d. Compare the frog with man in these respects. 

22. a. Do you find teeth on the upper jaw, lower jaw, or 

roof of the mouth ? 

b. For what purpose are the teeth adapted ? • 

c. Compare the frog with man as to the location cf 

the teeth. 

23. Note. — Bristles which are passed into the nostrils or An- 

terior Nares, enter the buccal cavity through openings 
called the Posterior Nares. 

a. Compare the location of the posterior nares in the 
frog and man. (See prepared human skull.) 

24. Note. — From the dorsal part of the buccal cavity, the so- 

called Eustachian tube passes outward, on either side, 
and expands beneath the corresponding tympanic mem- 
brane into the Tympanic Cavity. 

a. Locate and describe the Eustachian tubes more 

exactly. 

b. What structure closes the Eustachian tube on the 

outer side? 
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25. Note, — On the floor of the mouth is the fleshy Tongue. 

a. How and where is the tongue attached? 

b. Compare the tongue, in shape and place of attach- 

ment, with that of man. 

26. Note, — On the floor of the buccal cavity, behind the tongue, 

is a longitudinal slit, the Glottis. 

a. Describe the glottis in location and length. 

27. Note, — The glottis opens into a short Windpipe which 

communicates with the Lungs. 

a. Through what cavities must air pass in going from 
the surface of the body to the lungs? 

28. Note, — The hinder part of the buccal cavity is called the 

Pharynx, which leads posteriorly into the gullet or 

CESOPHAGUS. 

a. Describe the pharynx in breadth. 

29. What is the position of the Cloacal Aperture (the 

posterior opening of the digestive tract) ? 

Drawing, — I. Entire frog from the left ( X i ) • 

Label, — Head, trunk, fore limb, hind limb, mouth, 
eye, ear drum, nostril, color markings. 
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Internal Structure. 

Direction, — Place the frog on its back, cut through 
the skin along the middle line and separate the 
skin from the underlying muscles. Carefully 
cut through the muscles and expose the Viscera 
or internal organs. 

30. Note, — The large cavity containing the viscera is the 

C<ELUM or body cavity. The membrane or thin sheet 
of tissue which lines the coelum is called the Peri- 

TONEUM. 

a. Describe the peritoneum in surface texture, color 
and thickness. 

31. Note, — The coelom in man is divided by a muscular par- 

tition or shelf, the Diaphragm, into two parts: an 
anterior part, the Thorax, and a posterior part, the 
Abdomen. 

a. Do you find a diaphragm in the frog? 

32. Note. — The Heart is the conical muscular organ lying near 

the middle of the body. 

a. Describe the heart more exactly as to size, shape 
and position. 

S3. Note, — The Lungs are soft, fleshy sacs lying dorsal to the 
heart 

a. How many lungs do you find? 

b. Describe the lungs more fully as to thickness of 

wall, elasticity and shape. 

34. Note. — The large, reddish-brown organ lying in the anterior 
part of the coelom is the Liver. 

a. Describe the liver in size and shape. 

b. How many Lobes or separate parts does the liver 

exhibit? 



j 
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35. Note, — The small, greenish sac on the under side of the 

liver is the Gall Bladder. 

a. Describe the gall bladder more exactly in size and 
position. 

Drawing. — II. The organs lying in position, as seen 
from the front (X i)- 

Label. — Heart, lungs, liver. 

Direction. — Remove the liver carefully. 

(In the Female frog, take at this point Question 50; 
then remove the ovary and come back to Ques- 
tion 36.) 

36. Is the food tube, digestive tract or Gut, of the same 

diameter throughout its extent? 

Z7. Note. — The following names are given to the several regions 
of the gut, beginning at the anterior end : CEso 'hagus 
or Gullet, Stomach, Small Intestine, LARct/ Intes- 
tine and Cloaca. 

a. Describe the gullet in length and diameter. 

b. Where does the gullet begin and where does it * 

end? 

38. Describe the stomach with regard to size, shape and 

connection with adjoining parts of the gut. 

39. Describe the small intestine in length, diameter and 

relations to the surrounding organs. 

40. o. Describe the large intestine with reference to 

length, diameter, color and course. 

b. Is the change in diameter from small to large in- 

testine sudden or gradual? 

c. In what sense is the ' small ' intestine smaller than 

the Marge'? 

41. Note. — The double layer of peritoneum which carries the 

blood vessels, lymph tubes and nerves, and supports Iht 
intestine, is called the Mesentery. 
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a. Describe the mesentery in thickfi^si, color, con- 
sistency and surface character. 

42. Note. — The Pancreas is a pale, irregular mass lying in the 

loop formed by the stomach and the small intestine. 

a. Describe the pancreas more exactly. 

43. Note. — The Spleen is a small, dark-colpred body, lying in 

the mesentery opposite the beginning of the large in- 
testine. 

a. Describe the spleen more exactly as to shape and 

color. 

b. Is there a tube connecting the spleen with the in- 

testine ? 

44. Note. — The terminal part of the large intestine, which re- 

ceives the ducts of the kidneys, the oviducts and the 
bladder, is the Cloaca. 

a. Describe the cloaca in length and diameter. 

45. Note. — The Kidneys are flattened, bodies lying in the dorsal 

part of the coelom. 

a. Describe the kidneys in shape, size, color and posi- 

tion. 

b. How many kidneys are there? 

46. Note.^-The Ureter or duct of the kidney ts a short white 

tube connecting the kidney with the cloaca. 

a. Describe the ureter in length and diameter. 

b. With what, part of the kidney is the ureter con- 

nected ? 

47. Note. — The Bladder is a thin-walled sac situated in the 

posterior part of the ccelom and emptying into the 
cloaca. 

a. Describe the bladder in size, shape and color. 

In the male frog. 

48. Note. — The Testis or gonad of the male is a small, rounded, 

pale-colored body lying ventral to the kidney. 
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a. How many testes do you find? 

b. Describe the testis more fully in size and shape. 

49. Note. — The Fat Bodies are yellowish, tufted masses lyiry^ 

near the gonads. 

a. How many fat bodies are there? 

b. How are they located with reference to the 

gonads ? 

In the female, 

50. Note. — The Ovary or gonad of the female is frequently so 

filled with eggs as to almost fill the coelom. 

a. Describe the ovary in size, shape, position, color. 

b. What can you say of the number of Eggs (the 

little rounded projections). 
Direction. — Remove the ovary. 

51. Note. — The Oviducts are long twisted tubes with thick 

walls, lying at the sides of the coelom. 

a. Are the oviducts attached to the ovary? 

b. Describe the course of the oviducts to the surface 

of the body. 

c. Into what part of the intestine do they open? 

d. Do you find fat bodies in the female? 
Drawings. — H. Alimentary tract (X i). Finish the 

second drawing by inserting the 
stomach, the small and the large 
intestine. 
HI. Urinogenital System of the Male 

(XI). 
Label. — Kidney, ureter, bladder, cloaca, testis, fat 
body. 

IV. Urinogenital System of the Female 
(XI). 
Label. — Kidney, ureter, bladder, cloaca, ovary (in 
part), oviduct, fat body. 
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THE LIZARD. 

Materials, — ^Living lizard of any species. 

1. a. Describe the general shape and appearance of the 

body. 
h. Into how many regions is it divided? 

2. a. What structures cover the body? Are they of the 

same size and shape on all parts of the body ? 
&. Describe any diiferences between the dorsa^ and 
ventral sides of the body. How might this dif- 
ference be of use to the lizard ? 

3. a. Notice the position and number of the appendages. 

How do they compare with the frog's append- 
ages as to position and use? 

&. Of what use to the lizard are the claws? 

c. Of what value does the tail appear to be? 

4. Describe, as well as you can, the whole process of 

locomotion. 

5. a. Describe the eye, noting its position and shape. 

What can you say of the angle of vision? 
fc. How many eyelids do you find? (Make the animal 
wink!) 

6. a. Feed the lizard on insects or bits of raw meat. De- 

scribe the process of food-getting. 

b. What can you say of the size and position of the 

mouth. Do you find teeth? 

c. How is the tongue used in eating? In drinking? 

7. Notice the breathing of the lizard. Is the process 

regular? Compare it with your own rate of 
breathing. 
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BIRD. 

Materials. — Freshly killed English sparrows, or pre- 
pared bird skins, and at least one mounted specimen. 
A plucked specimen. 

1. a. Describe the general shape of the body of the bird. 

b. Compare this with a * picked ' specimen. What 

gives the rounded outline to the body? 

c. What other uses might the feathers have? 

2. Do feathers cover all parts of the body to the same 

thickness? Can you locate any featherless 
areas ? 

3. a. What structures do you find covering the lower 

leg? 
b. In what other vertebrates have you found such 
structures ? 

4. Notice and describe any differences in the structure 

of the wing and tail feathers, and those giving 
shape to the body (contour feathers). 

5. Note, — A wing feather is composed of a Shaft or central 

axis; a Quill, the hollow part nearest the body; the 
Vane or flat winglike part ; the Barbs or side branches 
from the vane and Barbules (very small projections 
from the barbs.) 

a. Pull the barbs apart carefully. What makes them 

stick together? (See demonstration of barbules 
under compound microscope). 

b. Of what advantage are these structures to the bird ? 
Draw a feather and label all its parts (Xi). 

6. a. Compare the fore limb of the bird with that of a 

frog or reptile. Do you find the same number 
of parts in the appendage*? 
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b. Open a wing. Compare the areas exposed by the 

wing when open and when shut. 

c. Describe the arrangement of the feathers. 

d. How might the wing be used in flight? 

7. a. How does the hind limb compare with those of 

vertebrates already studied, as to the position 
and number of parts? 

b. How many toes do you find ? 

c. How are they placed and how adapted to their 

work? 

8. a. Describe the shape of the head as seen from the 

side. 

b. Lx)cate the jaws. With what are they covered? 

What is the shape of the covering? 

c. Arc teeth present? 
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Activities of a Bird. 

1. Describe the position of the body and legs when the 

animal is perching. In what way is it adapted 
to this posture? What is the common resting 
position ? 

2. Does the bird walk or hop? Is there anything in the 

structure of the leg to explain the peculiar 
movement? What other methods of locomo- 
tion does it have, and how is it adapted for this 
end? 

3. Notice the head and the beak. How is the beak 

adapted to food-taking? What kind of food 
does the bird eat? How does your bird drink? 

4. Describe the eye in position and color. How many 

eyelids does the bird have? Make experiments 
to test the keenness of vision of the bird, and 
its angle of vision. 

5. Locate the external ear. Experiment to see if the 

bird hears plainly. 

6. Describe any voice the bird may have. Does it make 

any use of this voice? 

7. Hold your finger (or a clinical thermometer) under 

the wing of the bird. Compare the temperature 
of the body with your own. 

8. Count the number of heartbeats in a minute, and com- 

pare with your own heart rate. Why should 
there be this difference? 

9. Mention all the ways in which the given bird is adapted 

to its life. 
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HOME STUDY OF MAMMAL. 

(Cat or Dog.) 

1. Describe in detail the external appearance of the 

animal (shape, size, color). 

2. Does the animal appear to be bilaterally symmetrical ? 

Give reasons. 

3. a. What kind of a covering has the body ? 

b. Is this covering of uniform thickness? 

c. Of what use is the covering to the animal? 

4. Does the body show distinct regions ? 

5. a. How many organs of locomotion are there? 

b. Are the limbs paired or single? 

c. Do the limbs show the same parts as do man's arm 

and leg? 

6. Describe how locomotion is accomplished and make 

a diagram showing the successive positions of 
each appendage during locomotion. 

7. What sense organs do you find? 

8. a. Does the animal possess the sense of touch? 

b. Where are the organs of touch located? (Give 

experimental evidence.) 

c. Are any parts more sensitive than others? 

9. a. Can the animal hear? (-Give experiments illus- 

trating your opinion.) 
b. Where is the organ of hearing located? 
10. a. Can the animal see? How do you know? 

b. Describe the eyes in position, size and angle of 

vision. 

c. How is the eye protected? 

d. How many lids are there? 

e. Can the animal wink? 
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VI. a. Describe the position of the organ of smell. 

h. What experiments did you make to determine 

whether the animal can smell? 
c. How does the animal's keenness of scent compare 
with your own? 

12. Describe the tongue in size, shape, color and char- 

acter of surface. 

13. How do the teeth compare ip number, shape, size and 

position with your own? 

14. a. Describe experiments showing that the animal has 

a sense of taste. 
&. Can the animal distinguish between ' good ' and 
' bad ' things to eat ? 

c. Mention some things the animal likes to eat. Is it 

a flesh eater or a vegetarian (carnivore or 
herbivore) ? 

d. Where is the organ of taste ? How do you know ? 

15. Note. — Instinct is' a natural impulse that incites an animal 

to blindly perform actions essential to the existence 
of the animal itself or of its offspring. Intelligence 
denotes the ability to consciously adapt the means to 
the end: to think before acting. 

a. Do you find in your pet any evidences of instinct ? 

Give examples and reasons. 

b. Have you seen any evidences of intelligence ? Give 

examples and reasons. 

16. Describe fully any tricks or curious actions done by 

your pet and classify them as instinctive or 
intelligent. 
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Comparisons between Fish, Frog, Reptile, Bird, Cat 
OR Dog and Man. 

1. What is the general shape of the body? 

2. What kind of symmetry do you find ? 

3. What structures are found as outgrowths of the skin ? 

4. What distinct regions are there? 

5. Where is the skeleton located? 

6. Of what material is the skeleton composed? 

7. What sense organs are there? 

8. What breathing organs do you find? 

9. How many appendages are present? 

10. What purpose do the appendages serve? 

11. What are the functions of the fore limbs? 

12. What are the hind limbs used for? 

13. Name the parts of the fore limb. 

14. Name the regions of the hind limb. 

15. Are nails or claws present on fingers or toes? 

16. Are teeth present? 
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COMPARATIVE STUDY OF TEETH. 

Materials. — Prepared skulls of rabbit, dog or cat, sheep 
and man, with the teeth in situ. Loose teeth. 

Direction^ — ^Work with the human skull, comparing 
the others with it. 

1. NotCj^-Tht teeth found in the extreme front of the human 

skull are known as the Incisors. 

(k Describe the shape of an incisor as seen from the 

front, and from the side. 
h. What use would you ascribe to the incisors? 

c. In which skull are they best developed ? 

d. What habits are associated with great development 

of the incisors? 

e. How many incisors do you find in the upper right 

half of the human jaw? In the lower? Ex- 
press these numbers in the form of a fraction. 

2. Note. — ^The teeth next to the incisors in man, are called the 

Canines. 

a. Describe a canine tooth. 

b. What function does it evidently have when well 

developed ? 

c. Which skulls have the canines best developed? 

d. Express, as before, the number in man. 

3. Note,^-Tht teeth occupying the back of the jaw in man are 

known respectively as the Premolars (sometimes called 
bicuspids) and the Molars. 

a Compare these teeth in size and shape with those in 

the front of the mouth. 
h. What IS the evident function of such teeth? 
C. As before, count the premolars and molars. 
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4. Now state for each skull studied the kind and number 

of teeth present in the right half of each jaw. 
Such numbers, expressed as fractions, give you 
the dental formula of the animaL 

5. What is the relation between the food of an animal 

and its teeth ? 

6. a. In what skulls are there gaps between the teeth of 

neighboring groups? 
b. In what skulls is such a gap lacking? 

Drawing. — One tooth of each kind (X2). 
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VERTEBRA. 

Materials. — Clean and dry vertebrae of man, cat or 
dog. Articulated human skeleton. Rulers. 

1. Note. — The Axis, or central support of the body in man and 

the higher animals, consists of several small bones called 
Vertebra. 

a. What disadvantages would there be in having the 
axis one solid mass of bone? 

2. Note. — The larger part of the vertebra consists of a thick 

disc, the body or Centrum. 

a. Describe the centrum more accurately, giving the 

outline from above and from the side. 

b. Compare the ' front to back ' measurement of the 

centrum with that taken from side to side. 

c. Compare the ' side to side ' measurement of the 

centrum with that taken from top to bottom. 

3. Note. — Back of the centrum lies a ring, the Neural Arch, 

which, during life, lodges the Spinal Cord from which 
the nerves of the trunk take their origin. 

a. What is the outline of the neural arch as seen from 

above ? 

b. What advantages are gained by having the delicate 

spinal cord placed within a bony canal ? 

c. What are the advantages of having adjacent ver- 

tebra only slightly movable on each other? 

4. Note. — The various bony projections from the vertebra are 

called Processes and the single process pointing back- 
ward is the Spinous Process. 

a. Describe the outline of the spinous process as seen 

from the side. 
6. What is the shape of the free end of the spinous 

process ? 
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5. Note. — The processes pointing sideways are the Transverse 

Processes. 
a. Describe them in number, size and shape. 

6. Note. — The processes looking upward or downward, and 

forming joints with corresponding processes on the 
vertebra above or below, are the Articular Processes. 
a. Describe the articular processes in number, shape 
and size. 

7. Note. — The narrow part of the neural arch just back of the 

centrum is the Pedicle. The pedicle is notched above 
and below for the passage of the spinal nerves. 

a. Which Notch is the deeper, the upper or the 

lower ? 

From Human Skeleton. 

8. How many vertebrae are there in the neck m man ? 

9. How many vertebrae bear Ribs in man? 

10. How many distinct vertebrae lie beneath the ribs? 

11. a. How many pieces (vertebrae) constitute the Os 

Sacrum ? 

b. What advantages are gained by having the sacral 

vertebrae united into a single bone? 

12. How many distinct parts are there in the Coccyx 

(the rudimentary bone posterior to the Os sac- 
rum) ? 

13. What is the total number of parts in the vertebral 

column of man? 

14. a. Could you call man a segmented animal? Give 

your reasons. 
b. Is the skeleton of man symmetrical ? 
Drawings. — I. Lateral view of a vertebra (X i). 

n. View from above (X i). 
Label. — Centrum, neural arch, processes (spinous, 

transverse and articular), pedicle, notch. 
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HUMAN EYE. 
Materials, — A small mirror. 

Direction, — Study your eye by aid of the mirror. 

1. a. Describe the Eyebrow in shape, dimensions and 

location. 

b. What is the function of the eyebrow? 

2. a. Which eyelid is the larger? 

fe. What structures do you find fringing the margin 
of the upper eyelid ? 

c. Do you find the same structures on the lower lid ? 

d. What is the function of the eyelids? 

e. What is the use of the eyelashes? 

3. Note. — The angles between the upper and lower lids are 

called the Inner and Outer Canthus, respectively. 

o. Compare the inner with the outer canthus in shape. 

4. Note. — The fleshy mass lying in the inner canthus is the 

Caruncle. 

a. Describe the color and shape of the caruncle. 

5. Note, — Just external to the caruncle is the Semilunar 

Fold (half-moon fold), representing the large winking 
membrane or third eyelid of the cat 

a. Describe the size and color of the semilunar fold. 
h. Is it of any use in man? 

6. What can you say of the number, size and color of 

the Blood Vessels on the eyeball? 

7. Note, — The white part of the eyeball is the Sclera; the 

transparent part in front is the Cornea. 

a. How much of the eyeball is apparently occupied by 
the cornea and the sclera, respectively? 
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b. Describe the outline of the cornea. 

c. Is the cornea flat? 

8. Note, — Within the eyeball, just back of the cornea, lies a 

colored curtain, the Iris, which exhibits a central per- 
foration, the Pupil. 

Direction. — View your neighbor's eye while it is 
shaded by his hand and watch the pupil when 
the hand is suddenly removed. 

a. When is the pupil largest and when smallest ? 

b. What is the advantage of this variation in size? 

9. Note, — On the edge of the lower lid, near the inner canthus, 

is a little opening, through which tears pass on their 
way to the nocc. (To see the opening more clearly 
turn down the inner corner of the lower lid.) 

a. Is there a similar opening on the upper lid? 
10. a. Is the surface of the eyeball dry? 

b. What is the use of tears? 

c^ Where do the tears go when (as in a ' cold ') the 
tube which should carry them to the nose is 
wholly or partly closed? 

Drawing, — The left eye (X2). 

Label. — Cornea, pupil, iris, sclera, inner canthus, 
outer canthus, caruncle, semilunar fold, eyebrow, 
lids and lashes, openings of the tear ducts. 
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SHEEP'S EYE. 

[The eyes should be cleaned and then hardened for 
at least a week in formol (5 per cent aqueous solution). 
To halve an eye, place it cornea downward on a soft 
board ; draw a long knife through the optic nerve entrance 
until you feel that the knife has touched the lens; then 
suddenly press downward with great vigor and the eye- 
ball will readily fall in two.] 

Materials. — Half of an eye, given out in a shallow dish 
of water. (One specimen for every two students.) 

1. What is the outline of the cut surface of the eyeball? 

2. Note. — The outer coat of the eye consists of two parts: the 

opaque, white Sclera, and the transparent Cornea. 

a. Describe the sclera in color, consistency, position 

and thickness. 
h. Describe the cornea in the same way. 
c. What fraction of the outer coat is occupied by the 

sclera and the cornea, respectively? 

•3. Note. — The middle coat of the eye exhibits two regions: 
the black Choroid lying toward the back and the thicker 
Iris situated just behind the cornea. 

a. Describe the choroid in color and thickness. 

b. Describe the iris in thickness and color, both as 

seen from the front and as seen from behind. 

c. What fraction of the middle coat is occupied by 

the choroid and the iris, respectively. 

4. Note. — The hole in the iris is called the Pupil. 
a. What is the shape of the pupil? 

h. What is its size as compared with the iris itself? 

5. Note. — The dead- white stalk, which pierces the coats of the 

eyeball at the rear, is the Optic Nerve. 
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a. What IS the diameter of the optic nerve? 

b. Does the point of entrance of the optic nerve lie 

just in line with the pupil and the center of the 
cornea ? 

6. Note, — The inner or nervous coat of the eye, the Retina, is 

transparent during life, but becomes opaque after death. 

a. Describe* the retina as to thickness, consistency and 

extent. 

b. What relation do you find between the retina and 

the optic nerve? 

7. Note, — In the forward part of the eyeball is found a rounded 

body called the Lens. 

a. Describe the outline of the lens as seen in cross- 

section. 

b. Which surface of the lens has the greater curva- 

ture? 

c. Describe the consistency and the apparent structure 

of the lens. 

d. Describe the position of , the lens with reference to 

the pupil. 

8. Note. — The space behind the lens is filled with the Vitreous 

Humor. 

a. Describe the vitreous hiunor in color and con- 
sistency. 

9. Note. — The space in front of the lens is filled during life 

with a watery liquid (lymph), the so-called Aqueous 
Humor. 

a. Which humor is present in greater quantity, the 
aqueous or the vitreous? 

Drawing. — View of the cut surface (X 2). 

Label, — Sclera, cornea, choroid, iris, pupil, retina, 
optic nerve, lens, chamber for the aqueous humor 
and chamber for the vitreous humor. 
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FIELD EXCURSION. 



Materials. — Small card board or tin boxes in which to 
keep specimens collected, a few cyanide bottles and 
collecting nets (provided by the teacher in charge). 

IN OPEN GROUND OR ALONG A 
ROADSIDE. 

1. Describe any traces you may find of animals that 

live in the dirt of the road (such as ant nests or 
worm holes). 

2. Note. — Large, black crickets, gray grasshoppers, beetles and 

ants are commonly found in such localities. 

a. Where do you find crickets at rest? (Look under 

stones.) 

b. What is the method of locomotion in the cricket? 

3. How does the beetle differ in this respect? 

4. Does the ant travel in the same way as the other 

insects just described? 

5. Are any of the above insects colored like their sur- 

roundings ? 

6. a. Find out all you can of an ants' nest without 

unduly disturbing it. 
b. How many ants go and come in one minute from 
such a nest? 

7. Note. — Animals living together in communities are said to 

be Gregarious. 

195 
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a. What is the advantage of a gregarious life to the 

individual ant? 

8. Do ants ever carry objects? How large may such 

objects be? , 

9. Note, — The whitish, oblong objects are the young ants taken 

out by the ' nurses ' for light and air. 

10. a. Do' ants ever stop, and communicate with each 

other? If so, in what way? 

b. Do ants ever fight? How do you know? 

11. Where do you find the big, gray grasshoppers? 

Why? 
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12. Turn over flat stones. 

a. Look for snakes and notice their shape, color and 

external appearance. 

b. How would you describe their locomotion? 

c. Are they protectively colored ? 

13. a. Do you find any worms under stones? In what 

position do you find them when first uncovered ? 

b. What do they do? 

c. Do they seem to prefer darkness to light? 
rf. Are they protectively colored? How? 

14. Do you find any insects which you have studied in 

the laboratory, living under stones ? 

15. Note. — Look for 'thousand-legs/ pill bugs or sow-bugs. 

a. By what means are these animals protected? 

b. How is locomotion accomplished? 

c. Do they prefer moist or dry spots? 
i. Would you class them as insects? 
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1 6. Fleshy slugs (without shells) and snails (having 

shells) are often found under stones. 

a. What is the consistency of the body? 

b. How is the body protected? 

c. What can you say of the method and rate of loco- 

motion ? 

17. In the short grass, look for grasshoppers and green 

katydids. 

a. Are they easy to see? Why? 

b. What means of locomotion have they? 

c. Compare with the gray grasshoppers in this respect. 
i8. Several species of spiders (tunnel weavers, running 

pnd jumping spiders) are frequently found. 

a. Notice the general form and position of the tunnel 

weavers' web. 

b. Of what use is it to the spider? (Watch and see.) 

19. The bright-colored little <iniders (very active) are crab 

spiders, 
a. Why are they so called !r 
6. How do they get their prey? 

20. How does the big, black, running spider differ in 

habits from those already noted? 

21. Beetles, especially the small spotted ' lady bird,' may 

be found. 
a. Note the habitat and method of locomotion in any 
you may find. 

22. a. Where are the butterflies most abundant? 

6. Do you find any particular flowers attractive to 
certain butterflies? 

23. Do you find any moths? If so, where? 
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IN THE LONG GRASS, WEEDS AND BUSHES. 

24. Look for cocoons of moths on weeds and bushes. 

Note their structure and location. 

25. a. Observe, in the caterpillars found, the size, shape, 

color-markings and habitat. 
0, Do any of the caterpillars seem to prefer certain 
foods to others? 
(Take home some caterpillars and cocoons to keep 
in the breeding cage.) 

26. Find the web of the large orb-weaving spider 

(Argiope). 

a. Where is the web usually located? 

b. Notice the size and shape of the web. How is it 

held in place ? How many main supporting lines 
do you find? 

c. How are the supporting lines held together. 

d. Do you find the ' Winding stair ' ? If so, notice its 

location and structure? 

e. Where does the spider stay when at rest? 

2y, a. Do you find large (female) and smaller (male) 

spiders in the same web? 
b. How do the spiders protect their eggs and young 

and where do they keep such protective egg 

cases ? 
(Collect some of the egg cases to keep at home. 

Open one after a month: what do you see?) 
28. a. Note carefully any webs in which insects have been 

caught, and observe all the movements of the 

spider from the time it sees the insect until the 

prey has been secured.) 
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b. Does the spider always use its prey at once as 

food? 

c. If you observe a spider spinning, note the part of 

the body from which the silk appears to come. 

29. Look on golden rod for 'yellow jackets' (wasps). 

Can you find on the golden rod little beetles 
which resemble the wasps? 
a. How is its color an advantage to the beetle? 

IN THE WOODS. 

30. Look in the trees for ' nests ' of tent caterpillars. 

a. In such a community, note the size and position on 

the tree. What kind of tree is preferred by the 
caterpillars ? 

b. Watch some of the caterpillars feeding. Is the 

rate of feeding rapid? Could much damage be 
inflicted by such means? 

31. Pull off bits of bark from dead or from living trees. 

Look for whitish grubs (beetle larvae). 

a. Do you find evidences of living beetles? 

b. How did the beetle larvae get under the bark in the 

first place? 

32. Among the enemies of such boring tree-destroyers, 

are the ichneumon- flies : wasp-like creatures with 
long, slender ovipositors, 
a. Is an ichneumon- fly a true ' fly ' ? 

33. The insect, which looks somewhat like a big mosquito, 

is a crane-fly. 
a. What can you say of the legs of the crane-fly? 

34. The spherical masses on some of the oak leaves are 

oak galls. 



200 EXCURSIONS. 

a. Are the galls colored like the leaf itself? 

b. Cut open a gall. What do you find inside? 

c. How did it get there? 

d. What causes a gall to form? 
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35. Dragon-flies are found hovering over the water. 

a. Compare the speed of a dragon-fly with that of 

other insects. 

b. How do they seem to be adapted to the life they 

lead? 

36. a. In what localities do you find mosquitoes? 

b. Look on the surface of the pond in sheltered 
localities for 'rafts' of eggs (very tiny). 

37. The mosquito larvae or ' wigglers ' live in still water 

and come frequently to the surface of the water 
to get air. 

a. Why are the larvae called ' wigglers ' ? 

38. On the surface of the pond note the ' water striders.' 
o. Note the locomotion of a water strider. 

b. What kind of a shadow do they cast on the 

bottom ? 

39. Look for big, black, water beetles. 

a. How are they able to move rapidly through the 
water? 

40. Many insect larvae, such as dragon-flies, caddis- 

flies, may-flies, etc., are found at the bottom of 
the pond. 
a. In general are such larvae easily visible? Why? 
Is their color of advantage to the larvae ? 
. b. Do any of the larvae make houses or cases to live 
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in? Describe any you may find? (The caddis- 
fly is most frequently found.) 

41. The dragon-fly larvae have rather square heads, strong 

legs and a mask-like lower lip which is used for 
seizing food. 
(Take some home for study in the aquarium.) 

42. Note any amphibious creatures you may find (such 

as frogs, newts, turtles, salamanders or tad- 
poles). How are they adapted to their con- 
ditions of life? 



FIELD EXCURSION 

(Botanical.) 

Caution. — Wherever you go, be careful not to touch 
poison ivy! The plant may be recognized as a vine 
with aerial roots, and leaves consisting of three 
leaflets. 

BY THE ROADSIDE OR IN WASTE GROUND. 

1. a. In the following plants, notice the general habit, 

and pick out one prominent character by which 
the plant may be recognized : — * Yarrow, cham- 
omile, sweet clover, cinquefoil, curled dock, 
evening-primrose, golden-rod, heal-all, thorn- 
apple, shepherd's-purse, toadflax, wild carrot, 
pepper-grass, goosefoot, pigweed, ragweed, 
plantain, burdock, clot-bur, thistle. 

&. Rub specimens of leaves from any of the given 
plants, and then smell them. Which of the 
plants have scented leaves? 

2. If the day be clear, note the position of the leaves in 

the prickly lettuce, 

♦The plants met with are to be named by the instructor in 
charge. It is needless to say that only a small number of the 
forms mentioned in the outline may be met with on a single ex- 
cursion. 

302 
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a. In what general directions do most of the leaves 

seem to point? 

b. Pick off a leaf. The fluid oozing from the broken 

stem and leaf is Latex. What happens to latex 
when it is exposed to the air for a time ? 

c. Try to find other weeds which produce latex, and 

keep a list of any you may discover. 
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3o Note the horse-tails (Equisetum sp.). By pulling 
gently on the branches, try to determine their 
structure. 



IN OPEN WOODS. 

4. Note the flowers of the yellow star-grass^ scattered 

about on the ground. 

a. What single word would describe its leaves? 

b. Where is the ovary situated? 

5. Study the flower cluster of Jack-in-tbe-pulpit 

(Spring). 

a. What is ' Jack,' and what is the pulpit? 

6. The spring beauty and wild geranium may be seen 

in the Spring ; asters of various species will be 
obtainable in the Autumn. 
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7. On dead trees or old fence rails observe the bracket 

fungi. 

a. What effect do they seem to have on the wood? 

8. On the ground you may find various mushroom forms. 

a. Note the color of the mushroom, and, by digging 

about it, find out what it is attached to. 

9. a. In what situation do you find ferns growing? 

b. What is peculiar in the spore-bearing leaves of the 

. cinnamon fern and the sensitive fern? 

10. a. What situation seems perhaps most favorable for 

mosses? 

6e Look for specimens in fruit. Gently tap a ripe 
capsule, and observe how the spores are scat- 
tered. 

11. Look on tree trunks, fence rails, rocks, and the 

ground, for lichens. Do they seem to produce 
any change in the stories on which they grow? 

12. Observe on the bark of trees the green powdery layer 

due to the klga Pleurococcus. 

a. Is the growth more abundant in any one part than 
elsewhere? If so, where? 

13. Study the trees, shrubs and vines of the locality, by 

aid of the lists given at the end of the '£x- 
cursiono' 
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BY THE BROOKSIDE OR IN SWAMPY 
GROUND. 



14. Note the large number of jewel-weeds. 

a. Where is the nectar contained? 

15. Examine the pale stems of dodder often found twin- 

ing about the jewel- weed. 

Oo Note the color of the dodder and look for its 
leaves. 

b. How does the plant get its food? 

c. What effect is often produced by the growth of 

dodder upon a jewel-weed? 

16. If the lizard's-tail is in bloom, find out what organs 

are present in the flower. 

17. In the Spring, note the flowers of swamp saxifrage, 

and the leaves of hellebore. 

18. Study the tear-thumbs, both the arrow-leaved and 

halberd leaved. 

a. How did these plants get their names? 
6. Where are the stipules? 

19. In the water, observe the water plantain (Alisma 

sp.). 

a. How are its flowers arranged? 

b. What part of the plant suggests the common 

name? 
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20. Study the leaf and flower cluster of the arrow-arum. 

Ow If the fruits are developing, note their peculiar 
position, and try to find out why such a position 
should be assumed. 

21. Look for the button-bush (Cephalanthus sp.). 
a. How are its flowers and fruits arranged? 

22. What part of the plant gives the cat-tail its name? 

23. a. What is peculiar about the boneset? 

&. How may Joe-pye-weed be distinguished from 
boneset? 

24. Note carefully the water hemlock, with its small 

white flowers in umbels, and its stem streaked 
with magenta (poisonous!). 

25. Break off one of the large leaves of the skunk cab- 

bage. 

OL Describe the odor of the plant 

Dispersal of Seeds and Fruitk. 

26. In the Autumn, note how the fcllowtng plants scatter 

their seeds or fruits : — Milkweed, thistle, lettuce, 
dandelion, burdock, clot-bur, beggar s-ticks, 
enchanter's nightshadCo 

(k How far will a fruit of thistle or a seed of milk- 
weed travel? 
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6. How many kinds of seed or fruits have attached 
themselves to your clothing? 



Flowers and Insects^ 



27, Observe a bee visiting a head of clover. 

a. Does the animal extract nectar from only one 

floret? 

b. To what kind of flower does it fly next? 

c. What is the value to the plants of the facts you 

have noted? 

28. Find how many different kinds of insects visit, in a 

period of ten minutes, any one of the following 
plants : — Dandelion, clover, milkweed, sweet 
clover, white daisy, thorn apple, toadflax. 

fr. Try to discover whether a given insect seems to 
make a specialty of visiting only one kind of 
flower at a given time. 



[The following check-lists of trees, shrubs and vines are 
given here for reference. No attention need be paid to 
species in an introductory course.] 



Trees. 

29. Become familiar with the general habit, the shape 



2o8 EXCURSIONS. 

and arrangement of leaves, and the character 
of flower and fruit, in each of the following : 



Ailanthus, 


Hickory, 


Plane tree or 


Apple, 

Ash, 

Beech, 

Birch, 

Cedar, 


Horse-chestnut, 
Linden, 
Black Locust, 
Honey Locust, 


Sycamore, 
Poplar, 
Sassafras, 
Sweet Gum, 
Sumac, 


Cherry, 


Maple, 


Tulip-tree, 


Chestnut, 


Oak, 


Willow, 


Elm, 


Pine, 


Witch Hazel 



30. In any densely wooded spot, note the shape of the 

tree trunks. 

a. Why do the trees run up so far without branch- 
ing? 

31. Select a tree growing in an open spot, and count the 

young trees growing within a radius of ten paces 
from the parent. 

a. What would happen if all these young trees were 

to grow up? 

b. Which has the advantage at first., the young plant 

or the old? 

C. What conditions tend to prevent the over-crowding 
of plants? f 



SHRUBS. 



Shrubs. 
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32. Note the general habit, shape and arrangement of 

leaves, character of flower and fruit, presence 
of thorns, prickles, etc. Which of the shrubs 
have scented leaves? 

Barberry, Hardback, The Sumacs, 

Blackberry, Indian-currant, Sweet Gale, 

Button-bush, Meadow Sweet, The Viburnums, 

Dogwood, Mountain Laurel, White Alder, 

Elder, Raspberry, Wild Rose. 

Vines. 

33. Note the method of climbing, the characters of leaf. 

flower and fruit, of the following: 

Arrow-leaved Tear-thumb. 

A Bedstraw. 

Bitter-sweet. — ^What surrounds the seeds in the open 
fruit? 

Catbrier. — ^What is the nature of the tendrils? How 
are the buds protected? 

Clematis. — How are the fruits dispersed? 

Dodder. 

A Grape. 
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Halberd-leaved Tear-thumb. 

A Honeysuckle. 

Poison Ivy. 

Virginia Creeper. — How may the plant be distin 
guished from poison ivy? 



PART IV 



EXPERIMENTS 



EXPERIMENT i * 

Problem. — To prepare oxygen and test its properties. 

Date. — 

Materials. — Large test tube, long splinter of wood, 
mercuric oxide, Bunsen burner. 

Experiment. — Heat the mercuric oxide in the tube and, 
when a fair amount of the solid has been vapor- 
ized, suddenly plunge the splinter, with a spark 
on the end, into the tube. 

Observation, — What happens to the spark? 

Conclusion, — What is the influence of oxygen on com- 
bustion as compared with the effect of ordinary 
air? 

* Experiments marked with a star may be performed by the 
teacher and reported by the class. 
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EXPERIMENT 2 * 

Problem. — To study the union of magnesium wire with 
oxygen. 

Date. — 

Materials. — Balance, magnesium wire, pair of forceps, 
Bunsen burner. 

Experiment. — Weigh the piece of magnesium wire, then 
holding one end of it with the forceps, light the 
other end at the Bunsen flame. Weigh the re- 
sulting ash. 

Observation. — Describe what happens to the wire, 
noting the appearance before and after burning. 

Conclusions. — i. What do you infer from the change 
in weight? 
2. What changes accompany the union 
of oxygen with other substances? 
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EXPERIMENT 3* 

Problem. — - To study deoxidation or reduction. 

Date. — 

Materials. — Piece of charcoal, a little litharge, a blow- 
pipe, a Bunsen burner. 

Experiment. — Heat the litharge (oxide of lead) on the 
charcoal in the inner blowpipe flame. 

Observation. — What substance appears on the charcoal? 
What changes take place in the litharge? 

Conclusions. — i. Is it easy to separate oxygen from 
substances combined with it? 
2. What was necessary in the present 
case in order to separate the oxygen 
from the lead? 
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EXPERIMENT 4* 

Problem. — To test for carbon in food stuffs. 
Date. — 

Materials. — Piece of platinum foil, Bunsen burner, pair 
of forceps, portions of sugar, starch, etc. 

Experiment. — Slightly burn the material to be tested, 
on platinum foil, over the Bunsen flame. 

Observations. — Note the resulting odor and color. 

Conclusions, — i. What is the color of ordinary carbon 
or charcoal? 

2. Describe the color of starch and of 

sugar when slightly burned. 

3. Do these substances contain carbon? 



Demonstration.* 

Materials. — ^Vinegar, hydrochloric acid, ammonia, 
washing soda, water; red and blue litmus paper. 

Direction. — Test each of the given substances both with 
red and with blue litmus. 

1. What substances change the color of blue litmus? 

2. What substances change the color of red litmus? 

3. What substances fail to affect the color of either red 

or blue litmus? 

4. Note, — Substances which change litmus from blue to red are 

Acid; substances which change litmus from red to blue 
are Alkaline ; substances which do not affect the color 
of litmus air Neutrau 



EXPERIMENT 5. 217 

EXPERIMENT 5.* 

Problem. — To test the properties of carbon dioxide. 
Date. — 

Materials. — Erlenmeyer flask with glass delivery tube, 
water trough, glass jars, square pieces of glass to 
cover the jars, lumps of marble, hydrochloric acid, 
lime water, candle on a wire. 

Experiment, — Collect over water several jars of carbon 
dioxide. 

a. Insert the lighted candle into the gas.- 

b. Pour lime water into a jar of the gas and shake 

thoroughly; or let the gas bubble through lime 
water. 

Observations, — What happens in Experiments a. and 6. 
respectively? 

Conclusions, — i. What is the effect of carbon dioxide 
on a flame? 
2. What effect has carbon dioxide on 
lime water? 



2i8 experiments: 

EXPERIMENT 6.* 

Problem. — To determine some of the conditions under 
which a candle flame will continue, and to test 
the substances produced by a flame. 

Date. — . .* 

Materials, — Glass tumbler, small piece of candle with 
a string attached, square piece of glass to cover the 
tumbler, lime water. 

Experiments. — Place the bit of candle in the tumbler 
and, after lighting the wick, cover the tumbler 
with the square piece of glass. After the ex- 
periment is over, carefully draw out the candle 
by means of the string and pour some lime water 
into the tumbler. 

Observations. — What happens to the flame? What is 
deposited on the glass? What happened to the 
lime water? 

Conclusions. — i. What conditions are necessary for the 
continuance of a flame? 
2. What substances are produced by a 
candle burning in air? 
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EXPERIMENT 7.* 

Problem. — To determine some of the materials given 
out by an animal in its breath. 

Date. — 

Materials. — A clean glass plate, a beaker of lime water, 
a glass tube. 

Experiments. — a. Breathe on the glass plate. 

b. Blow the breath through lime water 
by aid of the glass tube. 

Observations, — a. What substance do you find on the 
glass plate? 
b. What happens to the lime water? 

Conclusions. — i. Compare the result in a. with that 
obtained when the candle burned in 
the tumbler. Inference? 
2. Compare the result in b. with that 
obtained with the candle flame 
Inference? 
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EXPERIMENT 8* 

Problem. — Tests for food stuffs. 
Date. — 



Materials. — White of egg, starch, grape sugar, a few 
peanuts, nitric acid, ammonium hydrate, iodin solu- 
tion, Fehling's solution, thin paper, benzol, test tubes, 
Bunsen burner. 

Experiments. — a. Heat some white of egg in a test tube. 

b. Treat some white of egg* with nitric 

acid; pour off the acid and add 
ammonium hydrate. 

c. Treat starch with iodin solution. 

d. Heat solution of grape sugar with 

Fehling's solution. 

e. Grind peanuts in a mortar with ben- 

zol, filter and let the benzol evapo- 
rate ; put some of the residue on thin 
paper. 

Observations. — Tell in each case what happens. 
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EXPERIMENT 9. 

Problem. — Do dry seeds absorb water? 

Date. — 

Materials, — Dry peas, small bottle and cork, paste and 
paper. 

Experiment, — Fill the bottle half full of dry seeds and 
pour over them enough water to almost fill the 
bottle. Cork the vessel and paste a strip of 
paper on the outside to show how much space 
the seeds occupy. 

Observations. — Next morning note whether the seeds 
occupy the same amount of space. Is the water 
still visible? 

Conclusion. — Explain what has happened. 
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EXPERIMENT lo. 



Problem. — The effect of moisture on germinating seeds. 

Date. — 

Materials. — Two tumblers and one sauce dish, blotting 
paper, fifteen peas or beans. 

Experiment. — Soak the seeds over night in water. Place 
moist blotting paper or sawdust in the vessels, 
pack it down well and then put five seeds in 
each. Number the glasses 2 and 3 respectively, 
and let i be the saucer. Place i in a warm, 
dry room and moisten once a day with half 
a teaspoonful of water. Place 2 and 3 in the 
same room with i, but give 2 a tablespoon- 
ful of water each day and keep the seeds in 3 
just covered with water all the time. Cover 2 
and 3 with blotting paper and leave i uncovered. 

Observations. — Examine the seeds every day for ten 
days. Make daily notes of the rate of growth 
and the number of seeds that develop in i, 2 
and 3. Record your results in tabular form. 
Draw a well developed specimen from each dish 
at the end of your experiment. 

Conclusions. — What influence will a large, a moderate 
and a small amount of water, respectively, have 
Upon germinating seeds? 
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EXPERIMENT 11. 

Problem. — The effect of temperature upon germinating 
seeds. 

Date. — 

Materials, — Three tumblers or wide-mouthed bottles, 
blotting paper or sawdust, fifteen peas or beans. 

Experiment. — Soak the seeds over night. Put a layer 
of moist blotting paper or saw dust in the 
bottom of each glass. Place five seeds in each 
tumbler, covering it with blotting paper. Put 
one glass outside on the window ledge,* one in 
the living room and one near the radiator or 
kitchen stove. Water each vessel moderately 
every day. 

Observations, — Examine the seeds daily. Make a table 
to show the number of seeds that sprout each 
day in each glass. Sum up the total number 
sprouted in each tumbler at the end of the ex- 
periment. Note any other changes that have 
taken place. 

Conclusions. — i. What effect do different degrees of 
temperature have on developing 
seeds ? 
2. What range of temperature is the most 
favorable for peas or beans? 



* This experiment is generally performed in cold we?ther. 
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EXPERIMENT 12. 

Problem. — The effect of air upon germinating seeds. 

Date. — 

Materials. — A few peas that have germinated in the 
previous experiments, a glass bottle with tight cork, 
sealing wax, boiled water. 

Experiment. — Fill the bottle with cold boiled water, 
then put in the seeds, which should have ger- 
minated so far as to show the hypocotyl. Cork 
the bottle tightly so as to exclude all air bubbles 
and seal with wax. 

Observations. — Note carefully every day for ten days 
whether further growth takes place. 

Conclusion. — What effect does lack of air have upon 
germinating seeds? 

Demonstration. — Soak fifty peas. Put twenty-five into 
a flask which is left open and the remainder 
into a similar flask which is tightly corked. 
Leave both flasks in a moist, warm place and 
note the effect upon germination. 
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EXPERIMENT 13.* 

Problem. — What gas is produced by germinating seeds? 
Date. — , 

Materials. — A tall jar with a glass stopper, a cupful 
of peas or beans, a candle. 

Experiment, — Place the dry peas in a jar and pour in 
enough water to cover them. Cover the jar 
tightly. 

Observation, — After three days carefully take off the 
cover of the jar and insert a lighted candle. 
Note what happens. 

Conclusion, — What has been formed in the jar? 
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EXPERIMENT 14* 

Problem. — Do germinating seeds produce heatf 

Date. — 

Materials. — Two tall jars with cork stoppers, two 
thermometers, a quantity of peas. 

Experiment. — Half fill one jar with soaked peas 
which have been killed by heat; half fill the 
other with germinating peas. Pass a ther- 
mometer through the cork of each jar so that 
the bulbs are equally covered by the seeds. 

Observations. — Observe the temperature in the jars every 
day, for three or four days. 

Conclusions. — Do you find any difference in the tem- 
perature of the two jars? How do you explain 
this difference? 
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EXPERIMENT 15. 

Problem. — What are the effects of light on germinating 
seeds? 



Date. ■ 



Materials. — A tumbler and » £up, blotting paper or 
sawdust, ten peas. 

Experiments, — Soak the peas over night. Place two 
or three layers of moist blotting paper or saw- 
dust in the bottom of each vessel and then put 
in five peas. Place the vessels, covered with 
blotting paper, side by side in a warm room 
near the window. Water them every day. 

Observations. — Examine the seeds daily for ten days 
and note any changes that take place. Make 
a table showing the total number of seeds ger- 
minating on each day in either vessel. At the 
end of a week count the number sprouting in 
each. Note the changes of every kind that may 
have occurred. 

Conclusions, — i. Does light influence the rate of ger- 
mination ? 
2. Does it in any other way affect the 
young seedling? 
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EXPERIMENT i6. 

Problem. — What becomes of the three elements of the 
embryo in the bean, pea and comf 

Date. — 

Materials. — Three cigar boxes half filled with moist 
sawdust; peas» beans and corn* 

Experiment. — After soaking the seeds over night, plant 
them in the boxes and water them every day. 
Keep in a warm, sunny room if possible. 

Observations. — As soon as any parts have risen above 
the surface, note the date and make a drawing 
of the part visible. Do this daily, with the best 
developed seedling of each kind, for fourteen 
days. On the fifteenth day take up one of each 
kind of seedling and draw the whole plant. 

Conclusions. — What becomes, in the bean, pea and com, 
of cotyledons (or endosperm), hypocotyl and 
plumule, respectively? 
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EXPERIMENT 17. 

Problem. — To determine the function of tht coty- 
ledons. 



Date. — 



Materials. — Six germinating peas, wide-mouthed bottle 
or tumbler, piece of mosquito netting. 

Experiment. — Take six germinating peas from Experi- 
ment 16. Fill the bottle or tumbler with water 
and tie the netting over its mouth. With a sharp 
knife carefully remove the cotyledons from 
three of the peas ; then place all six seedlings on 
the netting with the roots hanging in the water. 
Be careful to keep the jar always full of water 
and in a moderately warm place. 

Observations. — Note daily the appearance of the peas 
for ten days. Describe the rate of growth in 
the normal and the mutilated pea. Draw a 
normal pea and one deprived of its cotyledons, 
as seen at the end of ten days. 

Conclusions. — What do you conclude as to the use of 
the cotyledons? 



230 EXPERIMENTS, 

EXPERIMENT i8. 

Problem. — Of ivhat use is the endosperm to the embryo 
of corn? 

Date. — 

Materials. — Six grains of corn already sprouted (from 
Experiment i6), wide-mouthed bottle or tumbler, 
mosquito netting. 

Experiment. — Fill bottle or tumbler with water and tie 
mosquito netting over the mouth. Carefully 
remove, from three grains, all of the endosperm 
except the part immediately surrounding the 
embryo, and leave the other specimens entire. 
Place the six on the netting with the roots in 
the water. Keep in a warm place, taking care 
that the bottle is always full. 

Observations. — Watch carefully the condition of the 
six specimens for ten days and then describe the 
amount of growth in each case. 

Conclusions. — What do you conclude as to the use of 
the endosperm? 
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EXPERIMENT 19, 

* Problem. — How do gravity and water, respectively^ 
influence the growing seed? 

Date. — 

Materials. — Radish seeds; a glass tumbler; a piece of 
cigar-box wood narrower than the tumbler, soaked 
in water for forty-eight hours. 

Experiment, — Sprinkle the seeds over one surface of 
the wet board and keep them well moistened 
until they stick fast. 

A. Place the wood (with the seeds on the under 
surface) in the tumbler at a sharp slant and 
keep the seeds well moistened. Let the seeds 
grow for several days. 

Observation, — A. In what direction do the seeds grow 
with reference to the surface of the wood? 

Experiment, — B, When you have finished Experiment 
Af cut off a small piece from either end of the 
wood and wedge the remainder (with the seeds 
still downward) into the tumbler at a very 
slight slant. Moisten as before. 

Observation. — B. In what direction do the roots now 
grow? 

Conclusions. — Explain the direction taken by the roots 
in Experiments A and B. 

* The effect of gravity may be well shown by use of the * Pocket 
Garden' described on patce 23^ 
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EXPERIMENT 20* 

Problem. — To measure the force exerted by a root in 
growing downward. 

Date. — 

Materials. — A large vial (A) and a much smaller 
one (B), each fitted with a cork, (a) and (6) 
respectively (the vials should each be of uniform 
diameter throughout) ; four short insect pins ; a pea 
seedling. 

Experiment. — Fasten the seedling near the center of 
the under side of cork (a) by means of a pin, 
so that the root will point directly downward. 
Burn a narrow and shallow depression in the 
top of cork (&) and pass three pins, 120° apart, 
into the sides of the cork to such a depth that 
the cork and pins together, when placed in vial 
(A), will move without friction. Put a little 
water in vial (A), cork vial (B) and float it 
on the surface of the water in (A). Drop water 
gradually into vial (A) until the tip of the root 
of the seedling (as the cork of vial (^) is put 
into place) will just fit into the depression on 
the top of cork (b), without causing the vial 
(B) to sink. By fastening a label on the out- 
side of vial (A), mark the level of the water. 
Now allow the seedling to grow for one or two 
days. Paste another label on vial (A) to show 
the level of the water at the end of the experi- 
ment. Carefully remove cork (a) leaving vial 
(B) in place. With great care, by putting 
weights on the cork of vial (B), determine the 
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pressure necessary to produce the displacement 
brought about by the growing root. 

Observation, — What weight is necessary to sink vial 
(B) to the level reached under the pressure of 
the growing root? 

Conclusion, — How much pressure, measured in terms of 
weight, was exerted by the root of the pea seed- 
ling, growing under the given conditions? 



THE POCKET GARDEN. 

Materials. — Glass plate (four by five inches), cotton 
wool dyed blue, paraffin paper, paste, mustard seeds. 

Place a number of soaked seeds on the glass, and 
surround them with the cotton previously wet 
with water. The paraffin paper is now wrapped 
around the cotton and securely pasted to the 
edges of the glass. 

Uses of the preparation: 

1. To demonstrate root hairs. 

2. To demonstrate geotropic curvature. Leave the gar- 

den on one edge for a day or two ; then turn 1 

3. To show what region of the root is most sensitive to 

gravity. 
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EXPERIMENT 21. 

Problem. — The influence of light on young plants. 

Date. — 

Materials. — Peas or beans, sawdust, a cigar box with 
a hole cut in one of the small ends. 

Experiment. — Place some moist sawdust in the cigar 
box, making a layer about one-half inch in 
depth. Soak seeds over night and plant them 
in the sawdust. Shut the lid and place the box 
near a window with the hole toward the light. 
Water every day. 

Observations. — Open the box daily for ten days and note 
the rate and direction of growth in the seedlings. 
Do those near the light grow better? Is there 
any difference in color between those near and 
those farther away from the light? 

Conclusion. — What effect does light have on young 
plants ? 
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EXPERIMENT 22 ♦ 

* Problem. — To determine the point of most rapid 

growth in the root. 
Date. — 

Materials. — Growing pea seedlings, fine pen or brush 
and India ink. 

Experiment. — In seedlings which have a root about half 
an inch in length, make, at equal intervals (about 
two millimeters), five or six marks on the root; 
then allow the seedlings to grow undisturbed 
for a few days. 

Observations. — At the end of five days describe the 
position of the marks on the roots. Are the 
marks at the same distance apart as at first? 

Conclusions. — Do all parts of the root grow with the 
same rapidity? Where is the region of most 
rapid growth? 

* The point of most rapid growth in roots, as well as the region 
most sensitive to gravity, may be shown by the * Pocket Garden.' 
(See page 233.) 
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EXPERIMENT 23.* 

Problem. — Will fluids pass through a moist animal 
membrane f 



Date. — 



Materials. — Small battery jar, glass rod, bladder, string, 
copper sulphate solution, iron nails, potassium ferro- 
cyanide solution, test tubes. 

Experiment, — Partly fill the battery jar with water. 
Fill the bladder with copper sulphate solution, 
tie it tightly and suspend it in the jar by fasten- 
ing it to the glass rod placed over the mouth. 
Place the nail in the water, i. Test the water 
outside with potassium ferro-cyanide. 2. Leave 
the jar for twenty- four hours and again test the 
water. Observe the iron nail. 

Observations, — i. What result is obtained at first? 

2. What result is obtained next day? 
What change do you note in the iron 
nail? 

Conclusions, — Explain what you have seen. 
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EXPERIMENT 24.* 

Problem. — Will liquids rise in a stem? 

Date. — '. 

Materials. — A strongly growing plant of sunflower, 
nettle or dahlia (in pot) ; glass tubing of the same 
• diameter as the stem of the plant; rubber tubing; 
iron stand. 

Experiment. — Cut off the stem of the plant near the 
ground and closely fasten the glass tubing to 
the stump by means of the rubber tubing. 
Water the earth about the plant frequently. 

Observations. — Observe the plant several times during 
the next twenty- four hours. What happens? 

Conclusions. — What is the source of the observed liquid ; 
how does it get to its present position (see Ex- 
periment 23) ; where would the liquid go, in an 
uninjured plant? 
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EXPERIMENT 25. 

Problem. — What causes the rigidity of non-woody 
stems or roots? 

Date. — 

Materials,-^ Cast ot, granulated sugar. 

Experiment, — Hollow out a large depression in the top 
of a carrot. Fill the space with granulated 
sugar; then put the carrot away in an upright 
position for a day or two. 

Observations. — Note carefully at the end of the time 
the relative dryness of the carrot and the sugar. 
Which has lost water and which gained it? 

Conclusion. — How do you account for this result? How 
would you answer the given problem? 
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EXPERIMENT 26. 

Problem. — What is the use of the skin of the potato? 

Date. — 

Materials. — Two potatoes of nearly equal weight, 
scales, knife. 

Experiment. — Record the weight of each potato, then 
peel one and weigh the skin. Put the two 
potatoes side by side in a warm, dry place. 

Observations. — At the end of four days re- weigh each 
potato, adding, in the case of the peeled potato, 
the weight of the skin. Compare the weights 
with those previously obtained. 

Conclusion. — Explain fully what has happened. In 
what way is the skin of value to the potato? 
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EXPERIMENT 27. 

Problem. — Does water pass off through the leagues? 

Date. — 

Materials, — A cut branch of a geranium or hydrangea, 
jar of water, perforated cardboard, glass tumbler. 

Experiment, — Place the branch so that the lower end 
will protrude through the piece of cardboard 
into the water; then seal the joint tightly with 
wax. Invert the tumbler so as to cover the 
leaves. 

Observations. — After a few hours observe the condition 
of the tumbler. 

Conclusions, — Explain what you find. 
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EXPERIMENT 28* 

Problem. — Through which surface of a leaf does 
evaporation take place morff freely f 

Date. — 

Materials, — Two fresh leaves of * rubber plant ' or 
other plant with large leaves, paraffin or grafting 
wax, sweet oil or vaseline. 

Experiment. — Carefully cover the cut ends of the 
petioles in each leaf with grafting wax so that 
no moisture can escape ; cover the upper surface 
of one leaf and the lower surface of the other 
with sweet oil or vaseline. Hang both leaves 
in a sunny window. 

Observations, — Does any difference in the appearance 
of the leaves become evident? 

Conclusions, — What are your conclusions? 



242 EXPERIMENTS. 

EXPERIMENT 29* 

Problem. — What is the relation of sunlight to starch 
formationt 

Date. — 

Materials. — Growing nasturtium or hydrangea, thin 
disks of cork, insect pins, methyl alcohol, iodin 
solution. 

Experiment, — Place the plant in full sunlight. Select 
two or three large, well-lighted leaves, and 
shut off the sunlight from part of their sur- 
face by pinning together disks of cork placed 
on either side of the leaves. After several hours 
of sunlight, remove the leaves and wash them in 
several changes of methyl alcohol to remove the 
chlorophyll. Test the leaf for starch. 

Observation. — What is the result? 

Conclusions, — i. What portions of the leaf formed 
starch ? 
2. Under what conditions is starch 
formed ? 
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EXPERIMENT 30. 

Problem. — What is the relation of chlorophyll to starch 
formation? 



Date. — . 



Materials. — ^A potted Coleus which has variegated leaves, green 
and white; methyl alcohol; iodin solution. 

Experiment, — Make a drawing of a leaf, without remov- 
ing it from the plant, to show the distribution 
of green and of white areas. Then expose the 
plant for several hours to direct sunlight. Now 
cut off the leaf previously drawn, extract the 
chlorophyll by use of alcohol, and stain the 
decolorized leaf in iodin solution. 

Ohservaiion. — Compare the stained leaf with the draw- 
ing previously made, and note what you find. 

Conclusions. — i. What parts of the leaf have formed 
starch? 
a. Answer the given problem in the light 
of your resulted 
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EXPERIMENT 31.* 



Pboblem. — What is the relation of carbhn dioxide to 
starch formation? 



Date.—. 



Materials. — ^Two glass jars about twelve inches broad and ten 
inches high, with the covers ground on; two small plants 
in pots; a beaker, barium hydrate solution; methyl 
alcohol' and iodin solution. 

Experiment. — ^About an hour before the proper experi- 
ment begins, place in one of the jarw 1 beaker 
of barium hydrate solution, and cover. When 
ready, quickly take off the cover, place a plant 
in the jar now practically free from carbon 
dioxide, and again cover. Put the second plant 
in the empty jar, which is to be left open." Now 
expose both jars to direct sunlight for several 
hours. Then cut leaves fr6m each plant, and, 
taking care to avoid confusing the two kinds of 
specimens, decolorize the leaves in alcohol and 
stain them with iodin. 

Observation. — ^What result is obtained in each case? 

Conctusion. — l. Other conditions being present, will a 
leaf form starch in the absence of car- 
bon dioxide? 
2. Answer the given problem in the light 
of your results. 

♦The results are more precise if both plants arc kept In tb» 
dark for twelve hours preceding the experiment 
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EXPERIMENT 32. 

Problem. — What gas does a green plant give off in 
sunlight? 

Date. — 

Materials, — ^A glass battery jar, glass funnel, test tube, 
iron stand and clamps, fresh Elodea or Spirogyra. 

Experiment. — Invert the funnel under water over some 
growing Elodea or Spirogyra and fasten it in 
place with the clamps. Place over the inverted 
funnel an inverted test tube filled with water. 
Leave the apparatus in sunlight for several hours. 

Observation. — Note the bubbles which arise from the 
plant and are collected in the test tube. Make 
a test of this gas with a glowing match end 
What happens? 

Conclusion. — What gas has been formed and what ?« 
its source? 
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EXPERIMENT 33 * 

Problem. — What is the effect of light on the position of 
leaves? 

Materials. — Any cultivated species of Oxalis in pots. 

Experiment. — Note the relative positions of the leaflets 
after exposure for some time to direct sunlight. 
Then put the plant for a few hours into a dark 
closet, and again observe the positions of the 
leaflets. 

Observation. — Make drawings showing the relative posi- 
tions of the leaflets in sunlight and in darkness. 

Conclusion. — Answer the problem from the results of the 
experiment. 

* The observation may be more simply made at home, by merely 
examining the plant in its natural place at three o'clock, P.M.; 
and again at nine o'clock. 
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